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CONDITIONED FEAR AS A FUNCTION OF CS—-UCS 


AND 


LEONARD 


] 


It is generally assumed that when 
a neutral stimulus (CS) is paired with 
(I eet 


aroused by 


a noxious stimulus the emo- 


tional pain) response 
the UCS becomes conditioned to the 
CS Thus the presentation of the CS 
IS hypothesized to elicit an anti ipa- 
tory emotional response (fear) which 


has motivational concomitants and 


which can, when reduced in strength, 


reinforce the immediately preceding 


response. A number of studies (e.g., 
Brown & Jacobs, 1949: Kalish, 1954: 
Miller, 1948) this 


formulation. 


have supported 


Since fear is assumed to have the character 
should be a function 
aflect the 


tics of a response it 
that 
trength, and maintenance of other responses 
Miller, 1951 One of the variables known 


of those factors acquisition, 


dissertation 
College of the 
State University of lowa in partial fulfillment 
of the PhD degree 
Che writer is indebted to Kenneth W Spence 
for advice and 


study based on a 


This 
submitted to the Graduate 

requirements for the 
assistance throughout the 
course of the investigation which is part of 
with the influence of 
motivation on performance in learning under 
Contract N9 onr-93802 Project NR 154-107 
between the State University of lowa and 
the Office of Naval Research 

2 Now at the University of Wisconsin 


a project conce rned 


PROBE STIMULUS INTERVALS! 


E. ROSS? 


niversity uf lowa 


to be important in the conditioning of 
responses is the interval between the 

of the CS and UCS, the experimental evider 
clearly interval 
be approximately 4 se McAllister, 
Reynolds, 1945; Spooner & 


Wolfle, 1932 In « 


established relation ship, the results of stud 


indicating the optimum 


Kellogg, 


ontrast to this wel 


investigating the role of this variable i 


conditioning have been quite 
In part this finding is probably due 

wide variety of experimental conditions used 
volved both 
the GSR under 


the control of the autonomic nervous s\ 


inconsi 


hus these investigations have ir 


conditioned responses (€.g., 


and instrumental responses, involving striat 


muscles, motivated by conditioned fear 


The evidence in regard to the condition 


of autonomic responses 1s conflicting The 


optimum interval for GSR conditioning has 
with 


Moe ller, 


been reported to be less than 1 se 
beyond this 
White & Schlosberg 
hand 
strated heart-rate 
CS-UCS 


conditioning 
1954; 
other 


period 
1952 
two experiments | 
conditioning 
interval, while a 
conditioning with both 5- and 20-sec 
Church & Black, 1958; Notterman 
field, & Bersh, 1952; Zeaman, 
Wegner, 1954 In the conditioning 
another autonomically controlled 
the dilation of the human pupil 
interval has been found superior to 
sec. with no conditioning reported at 
Gerall & Woodward, 1958 

In the case of the GSR studies 


(Moeller, 1954 


response conditioned was n 


Brow 
has suggested that the 


GSR but a 
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iple eletal which resulted in a 


GSK, the 


thus resembling 


response 
interval-conditioning relationship 
that with skeletal 
While (1954) 


proposed that all conditioning is 


obtained 


Smith 


responses 


further 


1utonomik 
in artifact of skeletal responding, the heart 
rate and pupillary conditioning obtained with 
found 


in skeletal conditioning makes this position 


intervals longer than those effective 
questionable, although there is no evidence 
that the relationships 
independent of skeletal activity. 


\ number of studies have utilized instru- 


found are entirely 


mental responses as fear indicants in investi- 
gating the CS-UCS interval. Murfin (1953) 
found interval superior to .5- or 500- 
sec. intervals in a which the 
latency of hurdle jumping during a test period 
served 


a 9-seCc. 


situation in 


as the measure of fear conditioning 
In another experiment using an instrumental 
(Libby, 1951), the interfering or 
inhibitory effects of conditioned fear on bar 
pressing were found to increase as the CS-UCS 
interval increased from 0 to 10 sec. and then 
to decrease slightly as the interval increased 
to 30 sec. Other studies have investigated 
the CS-UCS interval variable in instrumental 
escape-avoidance situations. 


response 


lhe use of an instrumental response as an 
indicant of conditioned fear appears to sufler 
see Brown, 
in that instrumental 
reflect not 
the effects of conditioned fear but also 
factors connected with the acquisition and 


from several complicating factors 
Kalish, & Farber, 1951 
presumedly 


response measures 


only 


strength of the instrumental response itself 
As a consequence this type of study, while 
valuable 
the relationships between the interval variable 


providing information concerning 
and aspects of the instrumental response, has 
limited relevance for the laws relating the 
variable to the 
presumably, in part, elicits 


interval conditioned fear 


which and 
energizes the instrumental response. 
One that has not 
ployed to investigate systematically the CS 
UCS interval is the probe-stimulus technique, 
which is based on the intensifying or motivat 
fear on skeletal reflex 
lypically this method a 
probe stimulus is introduced in place of the 
UCS on test trials during conditioning, the 
index of the strength of fear being the facili- 
tating effect of the CS upon the amplitude 
of a reflex response to the probe stimulus 
Studies using the probe-stimulus method 
with animals have demonstrated the facili- 
tating effects of conditioned fear on a startle 
20-sec. CS-UCS intervals 
Farber, 1951 


procedure been em 


ing properties of 


responses. with 


; 
response with 3- anc 


(Brown, Kalish, & Meryman, 
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1952), with human Ss 
have shown facilitation of both unconditioned 
GSRs elicited by auditory stimuli (Meryman, 
1953) and reflex blinks to air puffs (Spence & 
Runquist, 1958), 20- .5-sec. CS-UCS 
intervals being used, respectively. 
Although experiments 

probe stimulus procedure indicate 


while experiments 


and 


using the 
that 
conditioning is possible over a wide range of 


these 
fear 


interval values, they do not allow a compari 
the relative effectiveness of different 
CS-UCS intervals. Such information would 
appear to be of special value since the probe 
stimulus technique 
complications 


son ol 


avoids some of the 


inherent in procedures em 
ploying instrumental responses reinforced by 
Another advantage of the 
probe stimulus method is the possibility of 
obtaining data concerning the growth of the 
fear following the CS 
introducing the probe stimulus at 
CS-probe intervals 


The 
signed to investigate the nature of 
the laws relating the CS-UCS interval 
the 


fear response, as well as to provide 


fear reduction. 


onset by 


different 


response 


present experiment was de- 


to the strength of conditioned 
information concerning the strength 
of fear at different intervals following 
the the CS. Che 
stimulus technique was employed with 
human Ss, the amplitude of the reflex 
blink to a probe stimulus (air puff) 


onset ol probe 


serving as the index of conditioned 
lear. 


METHOD 


The Ss were 171 


introductory course in psy hology 


Subjects men from 
[went 
five Ss who did not respond with adequate 
amplitude to the air puff probe during the 
puff adaptation 
were 17 Ss who did not adapt a sufficient 
amount Six additional Ss 
were eliminated due to a high blink rate that 
precluded accurate measurement of the blink 
to the air puff; while three other Ss were 
discarded due to failure or E 
The remaining 120 Ss were assigned 


period were discarded, as 


(see Procedure 


apparatus 
error. 
to five CS-UCS interval groups with an at- 
tempt being made to equate the groups i: 
mean amplitude of reflex blink made on 
the last five puff adaptation trials. Upon 
CS-UCS interval group 
each S was further assigned, at random, to 


assignment to a 


one of four probe-order subgroups Each 
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CS-UCS thus comprised of 24 
Ss with six in each subgroup 

A pparatus The Ss 
idjustable dental 
soundproof room which was illuminated by a 


shielded 74-w. bulb 


tus and stimulus controls were housed in a 


group was 


were seated in an 


chair located in a semi- 


Che recording appara- 


separate room 
the reflex 
graph system described elsewhere (Spence & 
Taylor, 1951 

The CS was an increase 

i dia ilar milk g 
51 in. in front of and slightly 
level of S. Duration of the CS was 250 msec 
The shock UCS, provided by the discharge 
of a 4-mfd idmi 
through electre the 
ind middle fingers of the right hand 
insure 


Che apparatus for recording 


eyelid was a potentiometer-poly- 


in brightness of a 
lass disk located 


ibove the eve 


condenser, was nistered 
index 
Elec- 
over 
The 
, 1.25-psi air 
puff delivered to the left temple through a 


The air 


des attached to 


trode paste was used to 


the 


contact 


entire surface of the electrodes 


probe stimulus was a 50-mse« 


5-mm. dia. orifice puff nozzle was 


ipproximately from the corner 


of the eye, } in. from the skin, o1 


placed 
i horizontal 
plane with the eye 

The 


CS probe intervals used were .5 


Experimental design and 
2, 5, and 
10 sec. In addition a control group received 
the UCS 1 sec. prior tothe CS. The CS-UCS 
iterval was varied between groups ol Ss while 
the bax kward condi- 


four ot the CS-probe 


each S, including those i 
tioning group, received al 
Thirty 
and 16 test trials (T) were given in the follow- 
ing order: CCTCTCCTT(C rCTCCCTTCC 
PIU CrOcrcicel 

Within each CS-UCS 
presentation of the 


intervals four conditioning trials Cc 


group the order of 
CS probe 
block of 10 


subgroups one of the 


itervals was 


ounterbalanced for each trials 


by giving each of the 
orders hus 
on each block of 10 trials four subgroups, one 
from each CS-UCS group, re 


four possible probe interval 
eived one order, 
four another order, et 
CS-UCS group 


Considering a single 
each of the four subgroups 
wrdet of ( »-pre be 


trials of 


of six Ss received a different 


intervals on the four each 


10-trial block 


test 


From one trial ock to another the 


particular order 1 vec by a subgroup 
hanged, the orders themselves being counter- 
balanced within each CS-UCS group over the 
four blocks of 
fore experienced all four orders used 
the 
group had the same obe 
10-trial block 


Procedure owl ici of the 


trials. Each subgroup there 


but no 


two subgroups within same CS-U¢ 


order on the same 


FEAR 


sho« K level Was 


instructions the 
50 \ 
110 \ 
depending upon when S reported the shock 
to be definitel) 

After the final level was determined add 
tional shocks were ded, 
in order to equate the number of ad tment 


rhe initial presentation was at 
90, or 


each S 
followed by ste p increases to 70, 
uncomfortable but not painful 
idministered, if nee 
shocks received by all Ss to fo 
Since the index of fear used i: 
was the facilitation of the eyeblink 
it was necessary to ; respo 
level before test 
iccomplish this each 


this 


low 


adaptation trials at prearrange 
Those 
than 1 
during the first 10 trials wer 
Ss who did not adapt to 
Trials 26-30 that was 
of their mean amplitude on ac 
1-2. In both cases Ss 
end of the adaptatio 


receive conditioning or 


15, 20, or 25 se 
responses of less 
were 


tude on 


were 
j 


perio 
| I 


I pon completior 


conditioning and 


the 
at prearranged 30, 35 
the intertrial 
interval from the UCS or probe st 
the onset of the 
backward 


interval was the period from the CS o 


interval | 


following CS 
conditioning uy the 


to the following shock 


RESULTS 
{de 
Che 


closures made by Ss in 


mean 


amplitude 


UCS groups during puff 

rials 1 y 
1. As may be seen the Ss adapted toa 
the 


? 


2 and 26-30 is shown in |} 


low level, unplitude of 
Trials 
Although 
1atched 
response ampli 


t 
30, the 
ri LS 


mean 
response for each group on 
°26-30 being less than 4mm. 
CS-UCS 
only on 
tude 


the groups were 
the basis ol 
Trials 26 


were also very 


on 

similar on 
Response on CS-probe tria In 

duction of the CS-probe test trials 

resulted in a marked increase in 

response amplitude to the 

the 


increase in amplitude bearing a posi 


on first such presentatior 


tive relationship to the length of the 
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CS-probe interval. 
this 
was 


As the test trials 
continued increased 
amplitude 


creased slightly 


response 
maintained or in- 
by some groups at 
some probe intervals, while for other 
combinations of the re- 
sponse amplitude decreased by differ- 
ing amounts. 
sumably represent 


conditions 
These changes pre- 
the joint effects 
of the acquisition of conditioned fear 
with its attendant facilitating effects 
and_ the the blink 
response to the CS-probe presenta- 
tions. 


adaptation of 


Thus in the present experiment 
the development of the fac ilitating 
effects of the conditioned fear response 


was revealed primarily by the main- 
tenance olf response amplitude over 
the series of trials rather than 
by an actual increase in the amplitude 


of the test responses. 


test 


The data selected for analysis were 
those obtained on the last block of 
four test trials (interspersed during 
Trials 31-40), a point at which 
the conditioned fear response would 
be near asymptotic strength and 
adaptation to the CS-air puff com- 
The 
mean amplitude of response made on 
the last test the Ss of 


binations would be maximum. 


four trials by 
CS-UCS GROUP 


e--@ i0 
o—e 5 





MEAN AMPLITUDE IN MM 


o-wnusvaresd 





A 


1-2 26-0 5 2 10 
ADAPTATION 
OFRIALS CS-PROBE INTERVAL 


Fic. 1. Mean amplitude of response on the 
last test trial at each probe interval, and the 
mean amplitude of response on puff adapta 
tion Trials 1-2 and 26-30, for Ss of 
group. 


each 


LEONARD E. 


ROSS 


CS-PROBE F 
INTERVALS 19 7 
4 


6 


MEAN AMPLITUDE IN MM. 
yn we vawte e 








CS-UCS INTERVAL 


Fic. 2. Mean amplitude of response as a 
function of CS-UCS interval for the last test 
trial at each CS-probe interval. 


the five CS-UCS groups is presented 
in Fig. 1, response amplitude being 
shown as a function of the CS-probe 
interval the CS-UCS variable 
the Inspection of these 
curves reveals that the mean ampli 
tude of response for the 2-, 5-, and 
10-sec. the 
probe interval increased, the curves 


with 
parameter. 


groups increased as CS- 
for these groups diverging from that 
While the 
.5-sec. group also shows an increase 
with 


of the backward group. 
increasing probe interval, its 
response level is lower than that ol 
the backward group at both the .5- 
and 2-sec. probe intervals. In Fig 
the mean amplitude of response is 
shown as a function of the CS-UCS 
interval with the CS-probe variable 
the parameter. 

The data evaluated statis 
tically by an analysis of covariance 
factor (CS 
UCS interval) and two within factors 
(probe interval and order), the mean 
amplitude of response made on puff 
adaptation Trials 26-30 serving as the 


were 


involving one between 


3 Each time that an analysis of covariance 
procedure was employed in this study a test 
of the 
criterion variable on the concomitant variable 
was carried out In 


homogeneity of regressions of the 
no case could the hy- 
pothesis of equal regressions be rejected at the 
.20 level of confidence 
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concomitant variable Since none 


order 
the 


interactions with 
(all Fs « 1) 


these interactions 


were 
signihcant mean 
squares tor were 
pooled in the ippropriate error terms 
Che ol probe interval 
ind CS-UCS interval were significant 
it the .001 and .05 levels, respectively 
/ 36.96, df 3/342: and / 2.45, 


while the 


main effec 


‘spectively 
these 


the 10 level / 1 56, 


factors was SI 


tatistical 

terval 

» que stiol 

in evalua 

wion the Sl nple ( of these 
variables is justified Llowever, it 


is recognized it tne beginning Ol 


he experime! t that the use of 
s¢ lected S.| ie. 


iddition to a 


our 

het arbitr ul 
ntervals in 
tively 


ward group 


*} 
it a number of probe ight 


between 


intervals, n 
well 1 u ractions 
son probe iter 
over-all analy 
insensitive 

t ey ilu 


itiol 


justified ; 


dangers of mist 
ight result fror 
in effects alo 
According! 
variable was tested it « cl 


terval, and the ef 


CS-probe 
yf the ¢ S-probe 
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interval factor analyzed 
rately for each CS-U¢ > group. 

The effect of CS-UCS ini 
order to evaluate the 
of the CS-UCS 
simple 


randomized il 


was sepa- 


simple effects 
interval factor four 
ialyses ol oO 
Variance were performed, one 

( S-probe interva 
These analyses reve iled 
CS-UCS variable did 


05 level at either the ol 


not 


but that 
signifi int at the 5 ind 10-sec 
intervals i 5 and P 


respectively In the case ot 


probe interval, 
probe 
005, 
these 
used 


pairs of CS-l 


latter two analyses ¢ tests were 


compare individual 


yroup means \t both intervals the 


2- and the 5-sec. CS-UCS interval 
intl 


Zroups were superior 


and bac kward groups it 


level. | 


ferences between 


to the .5-se 
the .05 iddition the dif- 
the 10-sec. and back- 
ward ZrOUups a oached but 


reach statistical significa 
level at these probe mitery ils 
obtained 


nd 2.7 


Lhe 


interva 
Was 
the error 
residual 
LLVSIS Ol 


over-all in COVaTIANCS 


lhe results of these analyses showed 
facto! to hy 


level I the 


the ( S-probe interval 


significant at OO 


tests 


cordingly, 


] 


differences between the probe interval 


for each of the forward condi 


found 


means 


tioning groups It was that 


the mean amplitude o 


response at the 


5-ser probe interval was less that 





270 


that at each of the other intervals 
at the .05 level or less in each case, 
while the amplitude at the 10-sec. 
probe interval was significantly su- 
perior to that at the 2-sec. interval 
in the case of the 2- and the 

CS-UCS groups (P < .05). All other 


differences failed to reach the .05 level 


5-sec . 


Disc USSION 


! of CS-UCS interva Che 
present experiment indicates that fear 
can be conditioned with either a 2- or 
5-sec. CS-UCS interval, but that a .5-se¢ 
interval results in little or no condition 


ing. These conclusions are based on the 


significant superiority of the 2- and 5-se 


groups when compared to the _ .5-se 
and backward conditioning 
the 5- and 10-sec. 


would fairly 


groups at 
probe intervals. It 
safe to 
that fear conditioning took place in the 
case of the 10-sec. CS-UCS group since 
this group differed backward 
condition at approximately the .05 level 


also seem assume 


from the 
when tested at these same probe inter 
vals. While the response amplitude 
of the .5-sec. group did increase as the 
probe interval increased, the differences 
between it and the backward group all 
failed to reach thus 
appears that little or no conditioning 
occurred at this CS-UCS interval. 

It should be 


by Spence and Runquist 
, 
[ 


significance It 


noted that in a stud) 


1958) whicl 
employed a technique similar to that 
used in this experiment a .5-sec. CS-UCS 

1 


group exhibited a significantly larger 


mean amplitude of response to the probe 
4.5 sec | 


than the backward 
group, while the difference in the present 


stimulus at 


5-sec probe interval 


experiment at a 
was not significant. In the Spence and 
Runquist study, howe signal 
preceded the CS by 
trial, this 


have acted asa trace CS for a conditioned 


1 
everal seconds on 
| 


each and ready signal could 
fear response 


The e} ct of 


results of 


CS-probe interval Che 
the analyses of CS-probe 
differences for eact CS-UCS 


with the CS-UCS dif 


interval 


group, together 
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ferences discussed in the previous section, 
indicate that the 
tioned fear response is longer than .5 sex 


latency of the condi 


with some evidence suggesting that the 

still 

in magnitude by 2 sec 
) 


fear response is relatively small 


While it appears 


from Fig. 1 and 2 that the mean ampli 


tude of response for the forward condi 
tioning groups increases with each in 


crease in probe interval, the statistical 


analyses of the differences between probs 


intervals does not support such a con 


clusion Thus, while amplitude 


response was significantly less at 


.5-sec. interval than at the longer inte 


vals and there were also. significant 


increases as the probe interval increased 
2 to 10 sec., the differences between 
10-sec 


and, in 


from 


the 5- and intervals were not 


significant addition, there is 


reason to question the apparent increas« 
from the .5- to the 2-sec. interval 

rhe possibility should be considered 
that the increases in amplitude of re 


sponse with increasing probe interval 
a continuation of the 
found « the first test trial 
although the over-all effect of 


probe interval was not significant in the 


actually represent 
gradient 
hus, 
case of the backward group (which was 
from the 
conditioned 


presumably free facilitating 


effects of fear), the fact 
group 
interval than at any 


that response amplitude for this 
is less at the .5-sec. 
of the longer intervals raises the possi 
bility that these increases are not chance 
and that portion of the 


ones, some 


increases found with the forward condi 
tions might be due to a similar unadapted 
increase. Accordingly, the individual 
forward group comparisons were recalcu 
lated with the differences reduced by the 
amount of increase present in the back 
ward group 
differences between the .5 


Under these conditions the 
and 2-se 

probe intervais were no longer significant 
10-sec. CS-UCS 


while the difference between the 


for the .5 5 and 
groups, 
.5- and 5-sec. probe intervals now also 
failed to reach significance in the case 
of the CS-UCS group. It is 
therefore questionable that the differ 


the 2-se 


.0-SeCc. 


and 
facilitation of the 


ences between the .5 


intervals represent a 
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response by condi 
failure to 
the 


this 


In any case the 


find significant differences between 


tioned fear. 


forward and backward groups at 


probe interval suggests that if condi 
present 2 sec. 


. . F 


tioned fear is following 


the onset of the present to a 
relatively small degree 


While Church and 


that the 


Black (1958) have 


reported conditioned heart 


rate response evidences inhibition of 
such a 


Nei 
the 


delay, there is no indication of 
phenomenon in the present study. 
diminution of 


ther is any 


effects of fear at periods 


CS-UCS in 


facilitating 
longer thi terval em 


amplitude of response 


CS-UCS groups 


ploved sinc e the 
for the 
did 


some incre t 


) and 5 ( 


not dec rease ] in id showed 
intervals 
ynditioning int 


fear 


eTVali 


ndttioned 


id 


ment provide additional support for the 


assumption that the pairing of a neutral 
imulus results in the 


. ‘ 
ingg a NOXIOUS 


conditioned fear 


and that 


tablishment 
onse to tl ri imulus, 
energize or facili 

However, in 

studies Brown 

1951; Meryman, 

ind an in 

amplitude with condi 
facilitating effects of 

ly, asin the Spence 

veriment, were mani 


fested throug! the mainte 


prim irils 


nance, or reduced ada tion, of the fear 


increase in 
ar conditioning 


found 


while 


amplitude of 


arge 


he initial test trials hat is, 


pull adaptation trials were effective 


reducing the amplitude f response 


the puff when presented alone, 
these had a 


trials 
amplitude of 


t \ 
it was 


le sser efiect 


upon the 
response to the air puff 
hus 


when the probe trials were introduced the 


when it was preceded by the CS. 


indicant response blink was still of large 
amplitude 


Che fact that differences were obtained 


through a reduction of the amount of 
adaptation rather than by increases in 
the amplitude of the indicant response 
inter 
Never 


de sirable 


with trials does not qualify the 


pretation of these differences 


theless it would obviously bs 


; 


to de velop a procedure for adapting the 
eveblink to CS probe combinations be 
fore the conditioning period 
a study of 


would this allow 


of the facilitating effects of fear witho 


¢ 


the compli ation of a concurrent adapta 


the indicant but it 


that the 


tion ot response 
differences 


due t 


adaptation at the point of 


would also insure 


obtained were not reduced 
incomplete 


It is possible, for example, 


comparison 
that the differences between t forward 


backward 


might lé - i) l greater 


and 
experiment 
additional probe : \ wa ol 


accomplishing such a 


alter 
nditioning 
to give CS-probe 


} 


adaptation might be 


pairings during the adaptation period 


CS probe 


the 


intervals long enough to 

conditioning of an_ eyelid 

closure to the CS [The same results 

could | 

random presentations « 

air puff prior to conditioning 
It should be 


by Kimble and 


possibly be obtained 


f both the 


noted that dat 
Ost (1961 

interpreted by them as 
under CS 


de mot 


cess 


an inhibitory pre 
which reduces the amplitude 
to an air puff UCS 

process l } believed 


UCS intery being mi 


de creasing with 
stimulus intervals 


th 


Sec and 
concerning the 
have 
study 

First, if 
probe trials 
a probe pairings 
the same for all 
test 


received the Same 


intervals (with order 
| 


the same for all groups 


’ The author would like to thank Gregory 
\. Kimble for making this ma 


able prior to publication 


| 
iscript Va 





LEONARD 


sibility is that fear conditioning itself 

might have been reduced differentially ditioned with different 
as a function of CS-UCS interval by intervals, € S receiving probe 
conditioned inhibition under the control test trial various CS-prob« 

: . ~<y fhe CS-UCS and CS-probe inters 
of the CS. This, however, would not ine 2 0S eek Mie grein cto 
h received the UCS 
prior to the CS. Four blocks of 10 trial 


affect the conclusions concerning the 
effect of CS-UCS interval but 


would be a kind of “explanation”’ of the 


c mployed whi 


were given, each block 
results. t 


ar conditioning trials < ‘ probe 
\ third possibility is that fear condi rials 

tioning trials might have resulted in \nalyse 

inhibition which affected the reflex 1ade on the last four t 


° . preted as indicating that 
responses to the air pull [hat is, the p e ed , : 
will occur with a 2 


.5-sec. CS-shock groups’ response ampli 
5 = = 3 terval but that littl 


tude on CS-air puff trials was smaller (curs with 
than that of Ss who received fear condi 


tioning trials with longer CS-shock response i 


intervals because of a greater amount of present at 
conditioned inhibition. However if this There were 1 
were the case the response amplitude for delay Possible 
the .5-sec. CS-UCS group would be were dis 
expected to decrease more from the 

first to last block of test trials, as the 
inhibition develops, than the backward 
condition group which presumedly would 

be free from this type of inhibition. A 
comparison of the response amplitudes 

made on the first and last blocks of 

trials shows that this was not the cast 

the response amplitude decrease of the 
backward conditioning group being as 

great as or greater at each CS-prob« 

interval than that of the .5-sec. CS-UCS 

group. Further, one might expect the 

.5-sec. groups’ decrement to remain 1958, 51, 478-482 
constant with increasing CS-probe inter \., & Woopwarp 


of the human p 


val, or possibly be reduced with recover 
from inhibition. That such is not 
case is apparent from Fig. 1 where 
amplitude of response for the .5 . 
group diverges from the curves for tl Katisu, H. 1. Strength 
other fear conditioning groups hyn a 


KIiMBLE, G. A., & Osi \W 


tioned inhibitory process in eyelid 


function of CS-probe interval 


SUMMARY tioning. J. exp. Psychol., 1961, 61, 151 


Lippy, A [wo variables in the 
A experiment was luc a t 1\ 1 ol depres int propertst by i 
gate the nature of the fur n t tl J. exp. Psychol., 1951, 42, 100-107 
strength of conditioned fear to the McALLISTER, | I 
interval, and provide information concerning f t 


elid conditio 


of the CS-UCS interval 


the strength of fear at different intervals Psychol., 1953, 45, 417-422 
following the onset of the CS The probe MERYMAN, |. | | 
stimulus technique was employed with human response 


he magnitud 
as a function of hur 
Ss, the amplitude of the reflex blink to a: Unpublished 


ive 
master’s thesis, 
air puff probe stimulus serving as the index versity of Iowa, 1952 





UCS and probe sti 
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THE PERCEPTION OF 


ALL PATTERNS PRODUCED BY 


A SEVEN-LINE MATRIX! 


E. 1 


KLEMMER 


IBM Research Center 


The experiments described below 
were designed to gain insight into the 
reasons why certain patterns are 
more difficult to 


and to 


see than 
the im- 
portance of training and experience 


easier or 
others, determine 
in the perception of such patterns; 
the 
arabic numerals 
hours of 
of patterns ol 


with 
several 


years ol experience 
the 


training with other 


and 
classes 
similar complexity. 
The total class considered was a set 
of patterns logically the 


A pattern-source, 


related to 
class of numerals. 
just complex enough 
reasonable set of arabi 
built, and the total 
patterns capable of being produced 


to produce a 
numerals, 
was class of 
by this source was studied. 

Any display matrix that is capable 


ol producing all the arabic numerals 


by various 
will 


combinations of its ele- 


ments also be « ipable ol pro- 


ducing many more figures, most of 


For 
oiten 


numerals. 
example, a 4 X 5 dot 


which are not arabi 
matrix 
used for forming numbers is capable 

nm 


of forming 2” or a million 


The 7-element straight-line 


more than 
patterns. 
matrix used in the present study is 
different 
patterns all of which were evaluated 
in the study of pattern difficulty. 


In a second experiment, 


capable of only 27 or 128 


pertorm- 


1 Some of the experiments described in thi 
paper were performed at the Operational 
Applications Laboratory of the Air 
Cambridge Research Center (Klemmer & 
Loftus, 1958) and others at the IBM Research 
Center Kaplan, 1959 The 
contribution of Joseph Loftus and Ira Kaplan 
conducted parts of the experiments 
described here is gratefully acknowledged. 


Force 


(Klemmer & 


who 


ance was measured using a_post- 


stimulus cue asking for only a partial 
Chis condition reduces the 
effects of 


response. 
elaborate re 
sponses and provides a 


interfering 
more direct 
measure of information 


With regard to the question concern 


per eived 


ing the difference between perceived 
and transmitted information, if it can 
be shown that S perceives much more 


information than he transmits with 


a given response code, the hope is 
immediately present that with proper 
recoding this transmission score would 


approach his perception score. 


APPARATUS AND COMMON METHOD 


The pattern source was a straight-line 
which has often been used for 
the production of numerals 
study it consisted of a light box containing 
seven small incandescent bulbs 
1] 


i 


matrix device, 


In the present 


each of whicl 
iminated one _ straight-line segment of 
diffusing material on the front of the bo 

When all seven bulbs were lit, 
formed Each 
24 in 


rectangular pattern with 1-in. space 


a figure 8 w 


figure 8 was 4 in. high 


wide. Four boxes were placed 
betwee! 
patterns, or, for Exp. II in a straight line 
with l-in. spaces between patterns 

Figure 1 shows the appearanc: 
field with 
lights rhe 
from the stimulus field 
uray and 34 ft. for th 
that the horizontal 
subtended was approximately 2°. The lights 
were programed by IBM cards and a reader 
capable of reading 28 holes simultaneously 
The current was applied to the circuit for .08 
sec. to produce the tachistoscopic exposure 
The incandescent time to 90% light output 
for the bulbs is .04 sec. so that the actu 
ibout .04 sec. The flash 
was clearly visible in the dimly lighted roo: 

Che Ss responded by attempting to dup! 
ite the stimulus pattern on specially pre 


stimulus 
random pattern of 
seated 20 ft 
rectangular 


rectangular 


array so visual 


exposure was only 
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sheets 
block 
figure ‘‘8s’’ in the same format as the stimulus. 
lhe Ss used the dotted outlines to guide their 


answer 


rhe 
t] 


a dotted outline of 


pared answer sheets 


were printed with 


reproductions of the patterns 

The performance of the Ss was scored by 
First, the number of individual 
with no 


ind omitted lines 


two methods 


line segments counted 


wrong was 
distinction between added 
Second, each 7-element pattern was scored as 


correctly error regardless 
of the 


score tends to favor the 


reproduced or in 


number of errors The line-segment 


itterns containing 


a small number of lines, since S often leaves 
blanks certain The perfect 
10 credit for close 


when he is u 
reproduction method gives 
aitierences, the 
findings were both scoring 
methods In the case of difficulty, 
both scores are ( Estimates of the 
amount of 1 


in Exp. Il 


misses Despite these major 
ibout equal for 
pattern 
made 


formatior perceived are 


but ng problems prohibit 


the gener il use of isure, 


EXPERIMENT | 
V thod 


Subjects Four student without 
previous training served in Exp. | 

Procedure Each 
ind controlled his ow 
When he was read) 
look at the light boxes and p ish the exposure 
button flashed the mulus 
He would then rodi > ne pattern is 
neil lines on the 
After 
another switch which turned on the stimulus 
S would 


S perforn ed separately 


presentatio rate 


for the exposure S would 


which pattern 


best he could by drawing pe 


dotted figure 8 outline operating 


ously tor 
] 


pattern contin scoring, 


mark the individual e segments in error 


both 


omission and commissio in all four 


positions, turn off the scoring lights, advance 


the card reader to the 1 t stimulus, and be 
ready to repeat the ycle 


This 


exposures had 


procedure was repeated until 72 


been preser session 


ted in one * 


In general, one session was given per day 
for five days each week with a break of several 


weeks between the two parts of the experiment 
Each 
throughout 


S monitored his own 
the 


exposures in 


described below 
improvement 
the 

he had no pattern in 
than 
method 
to all four 
that 
two of the 


sessions by 


ioting number of which 
iny of the four positions 
two line segments 
used to direct 

Earlier 


tendency to 


with wrong 


rhis 


ittention 


more 
of scoring was 
positions tests 


had a 


four 


indicated the Ss 


only positions and 


at the other 


watch 


guess two 












































FG 
in Exp 
lights 
the fou 


Appearance of the 
typical ranc 


with 
ited by bla ire 


itterns appeared i 


ol appearances O 
the 


order of presentatio 


imong four 


Results 


lo get reasonably reliable measures 
pattern . difficult) the 
each of >» 128 
over all 24 
The score found 
this 


of relative 
periormance on 
patterns was averaged 
sessions and all 4 Ss. 
pattern by 
of 216 


eat h 


method is 
the 
the 
out olf a 


for each 
the 


average, 


average scores Ol 


where score is 


number of correct elements 


possible seven or the binary correct- 
The mean difficulty 
ht be 

216 
difficult 


ine orrect score. 


are not as stable as mig 


scores 
from the average of 


the 


expec ted 


scores since even most 
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Fic. 2. Order of difficulty of the 128 patterns. Ranks as indicated by the top 
each pattern is based on the average of ranks by pattern-correct percentage niddle 
and line-segment percentage (bottom number Ihe data are from 27,648 patter 


each of four Ss in Exp. | 


patterns are reported almost perfectly on average scores for all 4 Ss and all 
if they occur next to a blank or 24 days. The number in the top of 
near-blank. each pattern is the rank based on 

Figure 2 shows the rank order of the averaye rank between the line 


difficulty of the 128 patterns based segment and pattern-correct scores 
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he middle number of each pattern rABLE 1 


is the percentage ofl presentations OrxDER, DESCRIPTION, AND RESULTS FROM 
which resulted in perfect reproduc- 10 Ss In Exp. I] 
tion; the number in the bottom of 
each pattern is the percent ol line 
elements correctly reproduced for 
that pattern. 
A note of statistical caution must 
be used in the interpretation of Fig. 2. 
Because of the variability in scores, 
a large difference in rank position 
between two patterns must exist 
before the difference can be con- 
sidered reliable. In order to be 95% 
sure that the difference in difficulty 
is real, the patterns must be at least 
30 rank positions apart. This figure 
is based on a comparison ol ranks of 
mirror-image patterns and on an 
estimate of the error variance of the 
rank difference score based on rank 
differences between Ss 
In order to determine the stability 
of the order of difficulty during 
training for the four Ss, the average 
line-segment score for each pattern 
based on the first 12 sessions was Procedure 10 Se were tected 
correlated with scores based on the taneously as a group viewing the 


last 12 sessions if the data of all arrangement of stimulus pattert \ warning 
buzzer sounded 1 sec. before the tachistoscopic 
flash After all Ss had recorded their re 
sponses, the stimulus pattern was turned 
a correlation of only .26 between the on and left on while the Ss scored their 


four Ss are combined, this correlation 
is .84: however, one S (]T) showed a 


first and last 12 sessions (his overall papers. Test sessions lasted about 1 hr 


-2 on eac ay al con ned ¢ presentatio 
ranking correlated 53 to .60 with the 1 each day and tained 64 pr t 
} } S r} | for the poststimulus cued conditions 
other three Ss) 1us, Some ¢ aang. 412 or 43 presentatio for the comy 
in relative difficulty with training response conditior 
is confounded in the combined data For the cued conditio 


but the analysis of Exp. I and I] _ instructed to reproduce only 


four yatterns denoted by 
in the Discussion section shows that I : ; 
cue The poststin il Is 
exactly the same conclusions about — ypich position to report, consisted of 


what makes patterns easy to see red light that appeared below the 
obtain from these different Ss and a_ position. The time between stimulu 


cue S ace tely controlled by 
different training procedure le was accuratel rolled | 


delay circuit Three practice sessions were 
EXPERIMENT I] given as indicated in Table 1, followed by 
Al 


sessions in which the cue delay was varied 


Method 


Subjects fen college students, all dif 3.2 sec. in order to measure the decrement 


systematically in log steps from .1 sec. to 
ferent from Exp. I, served as Ss in. Exp. II due to time only The order of delay times 
\ll had training in a previous tachistoscopi is given in Table 1 The longest delay (3.2 
scale-reading study Sec is roughly half the time taken in record 
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the difference 
in performance at t 1 lelay in the 


ing all four position 
sampled perception tests and the performance 
in reporting all four positions is a 
of the decrement 
additional 
middle of the des report 
ill four patterns in fashion similar to Exp. I. 

In addition to the 


ie, two 


measure 
caused by recording the 
sessions in the 


gn required Ss to 


Phree 


positions 


visual poststimulus 
tests were conducted with an 
iuditory cue. The i 


ot a 


auditory cue consisted 
digit, one, two, 


tor Ss to 


spoke three, or four, 


( alling report the corresponding 


position Che auditory cues were recorded 


ont! etic The onset of the stimulus 


ilso controlled by the t ipe reader so that 
control over the delay time was 
Only the extreme delays (.1 and 
tested with the 
Control visual cue 


tape 
was 
iccurate 
exer;r¢ ised 


) 


3.2) were auditory cue 


sessions at .1 and 3.2 sec 
were run immediately following the auditory 


sessions 


Each of 


n each of the fou 


appeared once 
ns for each condition 
he order of pa ns and the grouping of 
patterns was random and changed betwee: 
Each of the positic ns was 
called for by the cue an equal number of times 
for each delay time, but the order of positions 
was if lar Each delay two 
days from Days 4 through 18, separated in a 
symmetrical des lable 1, 
half of the 128 patterns shown on each day 
1 the critical position 
In scoring the re sponses, eat h of the seven 
possible es of the the critical 
right or 
for each re- 


sessions 


four 


Was Tun on 


gn as shown tn with 


pattern in 
separately, 
the total 
0 to 7 


by Ss ar 


position was scored 
wrong, so that 


sponse varied fron 


scores 
Re sponses were 
scored immediately 


lor purposes ol data 


id checked later 
inalysis 

In order to get some idea of the verbal 
with the entire set of 
controlled 
10 Ss of Exp. II 


shown 


issociations involved 


128 patterns, the following asso 
clation test was run with the 
Each of the 128 was 
order in the usual manner using 


light box The Ss 


patterns once 
in random 
only a 


structed 


were in 
to write down as many names 
for the 1 rm i came to 


mind, then re 


produce » pattern on the answer sheet, 


and fina ease or difficulty on a 
5-point issigned to the easiest 


nost difficult 


Average performance for the 10 Ss 


for each is given in Table 1 


SeSSION 


the 
segments correct. 


in terms ol percentage of line 
The main body of 
sessions in this experiment were run 
in a symmetrical design with the hope 
that the effect would be 
small enough to allow an assumption 


of linear improvement with test days 


learning 


and a simple averaging of performance 
on repeated runs of the same test 
This method of eliminating the learn- 
ing effect would not work 
of the large nonlinear change with 
practice, but fortunately another 
method of averaging does take ac- 


because 


count of the nonlinear learning curve 
This method is simply to take the 
the error sc 
of repeated runs on the same test 
If the underlying the 
method is met, this geometric mean 
will give the score that would have 
been obtained if the test had actually 
been run on a day 
the actual days. 


geometric mean of res 


assumption 


midway between 
For the symmetrical 
design covering Test Days 4 through 
18, all the test will 
Day 11. The assumption underlying 
this method of that 


improvement with practice follows a 


be corrected to 
averaging is 
negative growth function asymptot- 


ically approaching pertect 


ance, 


periorm 
In view of the high percentage 
the 
assumption seems very reasonable. 


test scores on last days, this 
the 
six delays of the partial response tests 
Test Day 11, as 
explained above, and are plotted in 
Fig. 3. Note that the delay 


along the abscissa are plotted on a 


The line-segment scores from 


are corrected to 


times 


logarithmic scale. 
The best performance occurs in the 
partial response test with .2-sec. delay 


between stimulus exposure and the 


cuing light. 
with delays on either side of .2 


Performance drops off 


but the drop off is not rapid. It is 


quite possible that the drop off in per- 


formance at the shortest delay was 
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conclusion must be that any differen 


= 
° 


rvrTfTr T T i diet Wctbticiincd| Doclicliadint 


between auditory and visual cuing is 
small. 


oa 
e 


Information Measure 


8 


COMPLETE = 
RESPONSE » In addition to the 


measures, S's performance 


4 
/ 


¢ 


~ 
v 


in terms of the amount of 
mitted or perceived. We 
between transmitted a 


PERCENTAGE OF CORRECT ELEMENTS 


aere evry | a 
$ © WO CUE . . . 
cm CaLar m eee tion in the following w 


input information that is also i 


~ 
°o 








Fic 3 Average perlormance for 10 Ss 


: is transmitted information. If 
in Exp. Il as a function of time between 


make discriminative respons¢ 
stimulus, the transmitted 


will be the only one used 


stimulus and poststimulus cue Vertical 
lines denote 90% confidence intervals 


of the stimulus is only sampled 
due to interference between stimulus a random poststimulus cue to 


and cue which were both visual only part of the stimulus—th« 


’ iss . . 2S ( s and te 
Unfortunately, since these results sumed tha yar thedavewn 

, stores an amount of inilormation equ 
were not known when the auditory P ee haat 
transmitted information multiplied 


cues were treated, the .2-sec. delay sampling ratio. In the partial respo 


was not used with the auditory cue. of the present study, the sampling 
The confidence intervals for the ilways four because the total sti 
. : . . “* > tains tour times as mut inforn 
partial response points in Fig. 3 ar gfe ney sa tage 
part asked [tor Dy le poststim 
based on the variance due to patterns A straightforward 
of the combined score of all 10 Ss usual formulas for comput 
and thus refer to these 10 Ss only transmission is not possible 
large 1umber of alternatives i 


In the case of the complete response a nope : 
are 268,435,456 possible « 


I ms tte “e r 
point each pattern occurred fou hee ae See tee tee 
different times, once at each position used with all possible 

Che confidence interval is based on the the number of alternatiy 


variance over these four presentations number, each position 


. : rately, which means that 
of the combined scores of all Ss ; 


positions was neglected 


: ; ' 
Partial response tests with auditory 5" responses to all patter 


cues were run on Days 19 and 20, combined into a single freque 
followed on Day 21 with repeat visual according 

cue tests using the same delays. 

Table 1 shows that the short delay rABLI 
(.1 sec.) developed a 95% line-seg- ESTIMATED INFORMAT 
ment score in both modalities whereas In Exp. Il 
the long delay (3.2 sec.) showed 87% 

correct with the auditory cue and 

89°7, correct with the visual cue. 

The difference between 89% and 87% 

may well have been due to prac tice 

Indeed, an actual difference between 

the auditory and visual cue scores 

at the short delay may have been 

hidden by an equal and opposite 

practice effect. At any rate, the 
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estimating probabilities of incorrect response 
patterns, all response patterns with an equal 
number of errors were assumed equiprobable 
tests, 
each 


For the complete response separate 


calculations were made for position, 


but for the partial response tests, positions 
Chis method 


leads 


informatior 


were not analyzed separately 


of calculating informational measures 


to an underestimate of the 


transmitted because it averages out factors 
that would reduce response uncertainty 

The lower bound for information trans 
mission and that for information perceived, 


lable 2 


S were from the same 


calculated as described, are given in 
The scores for the best 
all tests 


where he was excelled by another S 


student in except the numerals 

Ihe highest informational values occurred 
in the partial response tests in which S was 
not burdened with the necessity of trans 
mitting all of the information to his answer 
sheet rhe 


test with .1l-sec. cue 


rerun of the partial response 
shows that the 
22 bits This 


is equivalent, informationally, to seeing seven 


delay 
average 5S perceived almost 
numerals almost perfectly 
\ugenstine and Wayner tried 
a partial response with a short flash of capital 
letters and found best 
letters The average 
three Ss was 
16.2 bits for 


almost 


1956) have 


perception at tour 
information 
16.0 bits 
six letters 
show 


to six 
perceived for their 
for four letters and 
Numerals would 

poorer informational 


certainly 
under the 
conditions so it seems unlikely that the digit 
code could ever get to the 22 | 
the class of 128 


response test with .1-sec. 


scores same 
its found with 
patterns in the partial 
cue delay 

lable 3 gives the percentage of the total 
information transmitted by position for the 
The scores for all 
10 Ss show that the left positions contribute 


( omplete response tests. 


rABLE 3 


PERCENTAGE OF TOTAL INFORMATION TRANS 
MISSION CONTRIBUTED BY EACH POSITION 
IN THE,COMPLETE RESPONSI! 
CONDITION OF Exp. I] 


\ll 10 Ss 

Four left-oriented Ss 

Iwo right-oriented Ss 

Chree middle-oriented Ss 

One ends-oriented S - 42 
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more than the right positions, and that in the 
complete response 4-position test the middle 
positions contribute than the 
Quite another finding emerges on this 


more ends 
Sal nie 
when the 


Phis 


Four 


complete response 4-position test 
data from studied 
breakdown is also shown in Table 3 
Ss did best on the left position, 
the middle position, and two Ss on the right 
One S did well on the 
and very poorly on the middle positions. In 


individual Ss is 
three ‘Ss on 


position two ends 
this test, in which it was impossible for hit 
to see and report ill positions, 5 apparently 
chose to concentrate his attention on two or 
three positions and let the other position(s) go 

Most of the Ss in the 10-S group gave one 
or more names in response to nearly all of the 
128 single position patterns prese nted in the 
association test 
and Jeff, 
mark, 


Typical names were “Mutt 
backward C 


stair ase, 


magnet, questio 


chair.”’ The number of 
associative responses given by all to each 
pattern correlated .47 


measured by 


with pattern ease a 


average line-segments-correct 


score \ correlation with performance w 


also obtained by counting the number of S 
giving the 


Chis frequency of the most common respons« 


same response to each pattern 


correlated .37 with the average line-segments 
Finally, the mean ease-of 
rating for ill S 


correlated .57 segment-correct 


correct score 


seeing each pattern by 
with the line 


score 


DISCUSSION 


What Makes 


Patterns Easy to See 


order ol 


look at the 
difficulty in Fig. 2 and see 


Let us now 
what charat 
difficult, 


The most important aspect of patterns 


teristics relate to pattern 
which relate to difficulty is the continuity 
of the figure. Continuous patterns art 
the 
patterns are 
30% 


Because of the importance of this one 


seen perfectly 52% of time, while 


discontinuous seen per 
fectly only of the time (Exp. I) 


aspect, only continuous patterns are 


included in comparing other characte: 
istics in order to avoid confounding the 
with 


comparison relation to 


continuity. 


pattern 
Table 4 gives the average 
patterns-correct and line-segment scores 


for several of the more obvious categories 


of patterns for Exp. I. Only categories 
leading to differences significant at the 
.O5 level or included. The 


line-segment scores obtained by averag 


better are 





PTION OI 


rABLE 


RES IN TERMS OF PERC! 
CLASSES OF PATTERNS 


tried Sec ] ntimatel 


pattern difhicul Its 
he number of lighted 
elated to pattern difte 
there is no consistent 
differences i | lifficulty b re and numl 


eartentil 


in order 


hat four patterns were 
It is interestir » no rm ineously and, therefore 
ance on lett and al rm \ between adiacet 
slightly | han on tl yntin influence on 
uous forms, w > om ol no obvious 
numerals I I abstrac é in veen the hor 
ol patterns 
rectangul 
important determiner se of seeing 
Patterns symmetrical n about the 
horizontal axis were not seen as well as 
patterns symmetrical about the vertical The compl 
axis The, were . than present stud) ma 


asv mmetric: rns i differ general significance o 


ences were no 1s iN significant Perhaps the most general 
Fitts, Weinsteir ppaport, Anderson the familiar nun ls and 
and Leonard (1956) rey hat patterns do not stand out 
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sore thumb when shown with nonsense 
figures of similar 
Rather, classifications 
are even more important correlates of 
pattern difficulty. 

‘In addition to being familiar forms, 
the numerals and 


learned names and so 


geometric properties. 


some abstract 


well- 
research on 


letters have 
the 
verbal labels and discrimination is per- 
tinent. Both positive (Hake & Erickson, 
1956) and (Robinson, 1955) 
evidence has been found for the contribu 
tion of 


negative 


verbal labels to discrimination. 
\ possible explanation for this disagree 
ment is that facilitate 
discrimination only part of the 
stimulus information is pertinent (i.e., 
the stimuli are redundant). If all of the 
stimuli that the source is capable of 
generating are used and all differences 
between them are important, the use of 
verbal labels better 
performance than straight reproduction 
(Arnoult, 1956). 


verbal labels 


when 


may result in no 


SUMMARY 


[wo experiments were conducted 
required the reproduction of 
patterns 


which 
visual 
brief exposures The 
patterns were produced by randomly selecting 
lines from a 7-line matrix in the form of a 
block figure 8. This source is capable of 
generating a reasonably good set of arabi 
numerals and 118 other patterns 

Four 
taneously 


linear 
following 


matrices 
and programed to _ produce 
randomly selected patterns from the entire, 
class. utilized a poststimulus 
cue which denoted only one of the four 
patterns for reproduction while other tests 
required reproduction of all four patterns 
Performance was measured both in terms 


were presented simul 


Some _ tests 


of line segments reproduced correctly, pat- 
terns reproduced correctly 
information perceived. 
for the combined 
number of Ss indicated and for moderate 
amounts of training. All percentages refer 
to the line-segment scores: 


and amount of 
The following con 


clusions are data of the 


1. A delay of .2 sec. between stimulus and 
poststimulus visual cue gave best perform- 
The average score was down 7%, 
a delay of 3.2 sec. A check of two delay times 
using cue showed no difference 


between visual and auditory cuing (10 Ss 
) 


ance with 
an auditory 


Performance when a complete report 


KLEMMER 


of the four matrices was required was 14% 
below performance with the partial response 
and a cue delay (10 Ss). 

3. The arabic numerals were reported only 
slightly better than nonsense figures when all 
patterns were 
were 


. 2 “Se 


mixed. 
better 
Patterns containing 


Continuous patterns 
than broken patterns 
a closed loop of line 
better than patterns 
Symmetrical patterns 
were seen better than asymmetrical patterns 


seen 


segments were 


without such 


seen 


a loop 


Patterns judged meaningful were seen better 
than meaningful and the blank 
pattern was seen best of all (14 Ss). 

4. In a_ controlled test, the 
total number of associations given to each 
pattern by all Ss correlated .47 with a 
measure (10 Ss) An 
rating score of pattern ease by Ss correlated 
57 with a performance measure (10 Ss). 

5. An informational analysis of Exp. II 
showed that the average S transmitted 9.6 


those not 
association 


per- 


formance average 


bits when the complete response was required, 
but perceived 17.2 
a partial response test 
21.6 bits 


estimated 
with optimum 
additional 


bits as from 


cue 
delay alter 


(10 Ss 


training 
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PAIRED-ASSOCIATE LEARNING AS A FUNCTION OI! 
PERCENTAGE OF OCCURRENCE OF RESPONSE 
MEMBERS AND OTHER FACTORS 


HARDY C. WILCOXON, WARNER 


2. WILSON,' anno DALE A. WISI 


sity of Arkansas 


Previously reported studies have 
shown that rate of learning of paired 
associates increases directly with per- 
centage ol! occurrence ol response 
members, hereafter called percentage 
ORM. 
(1959), using paired nonsense syllables 
at rates aia 
found that 


number of 


Morgan, and Golin 


(x SS, 


of sec. and 3:3 sec., 


number of trials and 
to cri- 
with 


with 


correct responses 


varied inversely 
ORM 


tions from the partial reinforcement 
literature, 


terion per 


centage in line expecta- 


but attempts to simulate 
extinction were largely unsuccessful 
Schulz (1960) found 
that acquisition of paired adjectives 
the 2: 
retarded as percentage ORM _ varied 
100%, 80%, 60%, 40%, and 
but that was un- 
affected when measured by recall and 


relearning after 23.5 hr. 


and Runquist 


at 2-sec. rate was moderately 


over 


20%, retention 


The three experiments of the pres- 
ent report, all run before the appear- 
the studies cited, deal with 
additional variables, as well as those 


ance of 


already reported, and thus provide 


some new information, some con- 
firmation of old, and a few points of 


disagreement ‘ 


EXPERIMENT | 


The purpose of the first experiment 
was to study the effect on both learn- 
ing and retention of percentage ORM 
together with 
which might 


two other variables 


produce interactions, 


1 Now at the University of Hawaii 
Now attached to CNAVNTRA Staff, 


Naval Air Station, Corpus Christi, Texas. 


namely, level of ability of Ss 


degree of original learning. 


Method 


Ihe general method in all three experi- 
ments involved only one notable departure 
from the standard 
tion of paired associates by the anticipation 
method. 


memory-drum presenta- 
Lists were prepared so that instead 
of the response member invariably following 
the stimulus member on every trial, it was 
occasionally omitted in some groups, more or 
less at random for each pair, and replaced 
by a dashed line. 
rhe 


students 


Subject Ss 72 general 


the 
one-half of the various classes they came from 


were psy- 


chology selected from top 
rhis selection was expected to help insure 
that all Ss would learn within the arbitrary 
time limit of 1 hr. imposed by class schedules 

Design —A 3X3*X factorial design 
was employed. Percentage ORM varied in 
three ways, 100%, >, and 50%; level of 
ability of Ss (LA) was varied by subdividing 
Ss into three groups whose general psychology 


75! 


objective test scores placed them in the upper, 
middle, or lower one-third of the upper one- 
half of their classes ; and acquisi- 
(AC by 
half of the Ss to a criterion of one errorless 
trial and half to a « 
errorless 


cf. above 


tion criterion was varied running 
riterion of three successive 
The Ss 
subgroups at random before they appeared 
for the experimental session, except for the 
restriction that 


middle-, and 


trials. were assigned to 


equal numbers of high-, 
students 
assigned to each of the other subgroups 
Apparatus lists.—A list of 
nonsense syllable-adjective pairs was learned 
by all Ss on a Hull-type memory drum. The 
list was taken from a study by Feldman and 
Underwood (1957) where it 


to be a fairly easy list to learn. 


low-ranking were 


and 


seven 


had been shown 
rhe 
had 


ition 


nol- 


syllable stimulus members 


intralist 


sense low 


similarity, and associ values 
ranged from 0% to 20% according to Glaze’s 
(1928) calibration, with a 
value of 9.5% 


common adjectives with low similarity 


mean 
Response 


association 
members were 


rhe 
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pairs were typed on white paper tapes in 


eight different orders, presented in rotation 
to eliminate serial effects Three sets of the 
eight orders were prepared to provide for 
the different ORM conditions The tapes 
presented to 100°, ORM groups were stand 
ard, the stimulus member always being 
followed by the stimulus and response mem- 
bers paired The tapes tor 75% and 50%, 
ORM 
member of a given pair replaced by 

ra¢ 


line on 25% and 50% of the 


tively 


groups, however, had the response 
1 dashed 
trials respec 
This omission of the response word 
was accomplished at random with the follow- 
ing restrictions In the 75°, ORM condition, 
syllable with 


the response word omitted was allowed in 


no more than one stimulus 
succession within a trial, and a given stimulus 
member was not allowed to ippear without its 
response word more than one trial in succes- 
In the 50% ORM condition, no more 
than two stimulus syllables with the respons 
word omitted were allowed in succession within 
timulus syllable was not 
allowed to appear without its response word 


a trial, and a given 
more than two trials in succession. Percentage 
ORM for a given pair aver iged to the exact 
value for each condition over blocks of eight 
trials and was ke pt as <« lose possible to the 
individual trials. 
to the main lists 
warm-up lists of the same general type were 
prepared for each percentage ¢ IRM 
Procedure The SS 
read verbatim by E 
anticipation method and, where appropriate, 
took note of the fact that the response word 


stated values withir 


In addition two-pair 


received instructions 


which explained the 


would sometimes be replaced by a dashed line 
on the tape. Each S then learned the warm- 
up list having the same percentage ORM as 
he would encounter in the main task 
The main task was ther presented ata 


2 :2-sex rate, with ipproximately 15 
trials After Ss met the 


E dism 


elapsing between 
appropriate criterior 
no indication that they would later be asked 


issed them with 


had learned. Six 
ich S was called 
Recall 
Ss two trials 
ORM lists 
ately following the recall test, 


to try to recall what they 
to eight days later, however, e: 
back for recall and releart ing tests 
scores were obtained by giving 
at the drum with 0% Immedi- 
all Ss relearned 
the seven pairs to a criterion of one errorless 


trial, using 100% ORM lists 


Results and Discussion 


The results of this experiment can 


be summarized succinctly by saying 


WILSON, 


AND D. A. WISI 


that they were all 


are 


They 


there 


negative. 


important only because 


believe 
some of them would be positive. 


seemed excellent reason to 
Separate analyses of variance deal- 
ing with trials to a 


periect 


criterion of one 


repetition, average number 
recall 


trials, and number of relearning trials 


of words recalled in the two 
to a criterion of one pertect repetition 
all yielded negative results, with / 
1.05, and .47, 
Data on the three levels of 
ORM, although not statistically sig 


ratios of Pe respec- 


tively. 


nificant, are of some interest, and are 
presented in Table 1 where differences 
in levels of ability and degree of 
learning are ignored inasmuch as the 
latter two variables were apparently 


not effectively induced. 


Hindsight provides a variety ra 
tionalizations for the failure of LA and 
LA X ORM to achieve significance, but 
ORM itself 
This 
however, in 
1960 


the nonsignificant effect of 


was quite surprising finding 
receives some confirmation 
the Schulz and 


where differences in mean 


Runquist data 
trials to one 
100%, 80% 


groups were 


perfect repetition 
and 60% ORM 


{ 
nonsignificant by 
lated by the 


among 
small and 
separate ¢ tests calcu 
present authors 
significant F over all five of their 
seems to have arisen primarily from the 
reduction of ORM to 40% 
and 20% in the remaining two groups 
The Goss 1959 


howe VT. 


percentage 


Morgan, and Golin 


data, present a more compli 


cated picture They found large and 


significant differences in acquisition 


ORM 


experiment run at a 


c 


among the 100%, 75%, and 50‘ 


groups in their 
2:2-sec. rate of exposure, the 
in the 


materials 


rate use d 


present study. their 
s\ llable 


pairs, while ours were seven nonsense 


However, 
were eight nonsense 


syllable-adjective pairs; and their anal 
ysis ot acquisition data was based upon 
a criterion of seven out of eight pairs 
correct rather than one perfect repetition 


These differences in method may account 
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ways, 100°, 50° 
ND Ds 1x UIs on. Ri the pairs (QO) var ed 
wp RELEARNIN xP tive, and Adjective-NS 
sets ol paired-associate 
ployed merely to { 
sample of learning mater 
Subjects Ninety undergrad 
OgY students served as Ss and 
assigned to the 18 conditi 
design 
1 ppa 
ame as that used 
seven-palr lists consi 
taken from Glaze 
having 0%, asse 
for the discrepancy in results from Haagen 


experiment run at a $-sec. rate, familiarity 


ever, differences among the 100% 


h 
7 . required b 
1 


and 50% groups re smaller and not 4S in Exp. | 


significant by par% t tests based on eight orders of ea: 
pairs, two S-R 


ORM conditio 


random omission 


ao» calculated from 


groups 

Variance estimate whicl s in line with 

the present results that no stim 

to appear on 

EXPERIMENT II trials without 

The surprising failure to find a Ponce amg va: 

ro The 

in Exp. | with ORM as low as 50% __ tion ise of Exp 

led to Exp. II, the main purpose of — 

which was to reduce ORM toa lower ' 

percentage in seare h of the retardation 
in acquisition which the logic of the 


situation would seem to require. \ 


significant retardation of acquisition 


second purpose was to investigate Subgroup means and SDs, 
effect of reversing the S-R order lists ignored, are presented 
the NS-Adjective pairs in an effort 2. Table 3 shows that 


shed light on the reasons behind variance yielded sigt eflects 


order 


the ineffectiveness of reduced per- lor percentage ORM 

centage ORM in Exp. |. The S-R  (Q) but, surprisingly, tion of 
order, Adjective-NS is known to be ORM X O did not occu ltt 
harder to learn than the order, NS- between means ol 
Adjective (Kimble & Dufort, 1955; 

Noble & Stockwell, 1957). This sug- 

gested the possibility of an interaction 

between S-R order and ORM. 


ests 


grou] 


VWethod 
Desig 3 2 X 3 factorial design was 
itilized er ORM varied in three 
We wish to ack iowledge the 
f James J. McRoy and 


performing the statistu nalys thi 


experiment 
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rABLE 3 


ANALYSIS OF VARIANCE OF TRIALS TO 
CRITERION OF ONE ERRORLESS 
RIAL IN Exp. II 


MS 


“ORM 

S-R order (O 
Lists (LL) 

Potal interaction 
Within groups 
Total error 


1,866.43 
2. 340.90 


*P < 01 


only in S-R 
iP <5). 
of all 
groups which differ only in percentage 
ORM. The between 
50% and 25% are highly significant 
(P < .01), but the comparisons be- 
tween 100% and 50% failed to reach 
significance (P > .05). 

An additional analysis of the data 
suggested by the Schulz and 
Runquist (1960) study. They ana- 
lyzed first 
anticipation of response members to 


order are significant 
This is not true, however, 


the mean differences between 


comparisons 


was 


errors following correct 
investigate possible differences among 
the percentage ORM _ groups. A 
measure called the Correct/Oppor- 
tunity ratio was computed for each S 
based on the total number of correct 
anticipations following the first cor- 
rect, divided by the number of trials 
(opportunities) left to criterion. The 
that the Correct 

ratio was an 


analysis showed 
Opportunity 
function of 


inverse 
percentage ORM. An 
identical analysis of the present data, 
however, failed to confirm this finding. 
Subgroup means and SDs, lists ig- 
nored, are shown in Table 4. Analysis 
of variance over all subgroups, includ- 
ing lists, resulted in an F ratio of only 
.624. The writers are at a 
explain this discrepancy in results. 


loss to 


The significant F ratio for percentage 
ORM confirms the 


(,oss, 


findings of 


WILSON, 


AND D. A. WISE 
Morgan, and Golin (1959) and of Schulz 
and Runquist (1960) while the significant 
effect of S-R order of the pairs is in line 
with the results of Kimble and Dufort 
(1955) and Noble and Stockwell (1957). 
Lack of interaction between percentage 
ORM and S-R order was surprising and 
appears to that familiarity, as 
distinct from meaningfulness, is not a 
Phat 
occurrence of 


mean 


powerful variable in this situation. 
is, reduced percentage 
nonsense response members (which auto- 
matically 


reduces S’s opportunity to 


become familiar with them) retards 


learning no more than does reduced 


percentage occurrence of meaningful 


adjectives with which S is already 
familiar. 

In our view, the most important aspect 
of these findings is the surprisingly small 
retardation in learning resulting from 
moderately reduced ORM 
that learning must suffer if reduction in 
ORM is carried far enough. Yet, Ss 
in reduced percentage ORM _ groups 
apparently get much more benefit from 


It is obvious 


each glimpse of the response member 
them than Ss in the 
100% ORM groups. For ex 
ample, Ss in 100% ORM groups saw the 


allowed conven 


tional, 

response member an average of about 
22 times before mastery. The Ss in 50% 
ORM groups, only 13 


times, and those in 25% groups 


however, saw it 
only 
about 9 times before mastery. 

Thus, it that Ss in 
ORM utilize the 


presented via the memory drum some 


appears reduced 


groups information 
what more efficiently than Ss under the 
100% ORM 


The experiment which follows was de 


conventional, condition 
signed to test some of the implications 
of this general idea. 


TABLE 4 


MEANS AND SDs oF Correct/OpPpoRTUNITY 


RATIOS 


100% ORM| 50% ORM 


S-R Order 


Mean; SD | Mean} SD 


| 

7 132 

76 | 084 | 
| 


NS-Adjective | .78 099) .77 
Adjective-NS 78 086} .7 
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EXPERIMENT II] 


Che planning of 
proceeded 


this experiment 
from a consideration of 
some of the general ideas of informa- 
tion theory (Shannon & Weaver, 
1949: Weaver, 1949). 

Specifically, the problem was to 
explore the possible interactions of 
ORM, rate of presentation (R), and 
length of list (L). 
for the ineffectiveness of 
moderately reduced percentage ORM 
could be that the reduction does not 
the information 
the which S is 
capable of assimilating in the unit 
time trial. <A further 
implication appears to be that 
overload” might 


presentation 


A possible reason 
relative 


bring amount of 


below maximum 
involved per 
“input 
high 
long 
forcing a general error and 
confusion (cf. Weaver, 1949, p. 14). 
Thus, reduced percentage ORM could 
conceivably be benefic ial under some 


with 
and or 


occur 
rates ol 


lists, 


conditions of exposure rate and length 
of list. 


Me thod 


Design The ign ‘xa tar 
torial rhe variable 
were: ORM, 100%, 50%, ; rate of 
presentation (R), 1L:1-sec., 2:2-sec and 
+: 4-sex and length of list (L), 4, 6, and 8 
pairs It should be that the design 
confounded rate of input and the time allowed 
for anticipation of the response member 

Subjects 
chology 


three values 


noted 


The Ss were 108 general psy- 
students naive with respect to the 
experimental task randomly 
assigned to the 27 experimental conditions 
Data from 10 additional Ss had to be dis- 
carded because of failure, E's 
errors, Ss’ failure to understand instructions, 


They were 


apparatus 


and a reported inability to concentrate on 
the task. 
variety of the 27 experimental conditions, 
making it unlikely that results 
biased in consequence. 

Materials constructed 
16 nonsense syllables of less that 15% 


The discarded data came from a 
would be 


Lists were from 
associa- 
tion value drawn from 


(1959 


lrapp and Kausler’s 
lable 1. An attempt was made to 
select homogeneous syllables which would be 


vy 
287 


relatively easy to articulate as judged by E 
Other construction followed 
the general rules described earlier except that 
four rather than eight independent orders of 
syllable pairs were used, the four orders for 
each ORM, R, and L condition being typed 
on single, continuous paper bands. Three- 
pair warm-up lists were prepared with syllables 
of the same type used in the main task 
Apparatus and procedure-—One memory 
drum operating at a 2:2-sec. rate was used 
for the short practice list \ second drum 
used for the main task modified with 
adjustable idler rollers to accommodate the 
three different 
bands required 


aspects of list 


was 


lengths of continuous paper 
Following instructions and 
the warm-up task, Ss learned to a criterion 
of one errorless repetition under continuous 
trials with no 


syllables 


anticipated 


intertrial interval The 


] 


nonsense pronounced 


were when 


Results 


The SDs for trials to 
criterion are presented in Table 5 
in terms of 
were not 


Means and 


raw scores. Raw scores 


submitted to analysis of 
Bartlett's 
revealed that 
heterogeneity of 
This 
square-root 
Table 6 gives 
corresponding analysis of variance. 
F tests revealed significant effects 
upon trials to criterion for each of the 
three variables. 


variance, 
test 1950) 
the hypothesis of 
variance 


however, since 


(Edwards, 


was. tenable. 


was 
remedied by a 


formation, 


trans- 


and the 


main Inspection 
TABLE 5 

Raw ScoRE MEANS AND SDs ot 

CRITERION IN Exp. III 


[RIALS TO 


IRM 


SD 
108.8 
49.2 
35.0 


110.0 
57.0 


*N = 4 for individual grou 
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rABLE 6 


\NALYSIS OI 
SCORES OF 


VARIANCE OF TRANSFORMED 
Exp. Ill 


5.63* 
284.4 96.90* 
53.03) 18.07* 
1.98 
10.86 3.70" 
4.19 1.09 
» O4 


of the means reveals that 
trials to criterion 
with ORM 
Length 


number of 
inversely 
with Rate 
Most of the expected 


varied 
and directly 
and 
interac tions, however, failed to occur 
ORM. did 
significantly with either 
Length but Rate X Length showed 
a significant interaction, attributable 
primarily to difh- 
culty of eight-pair lists learned at the 
1-sec. rate. 


Percentage not interact 


Rate orf 


greatly increased 


Analysis of the time 
Table 6, 


exerted a 


variance of 
also 
that Rate, 
powerful effect in 


scores, reported in 


showed which 
retarding acquisi- 
tion when trials to criterion was the 
measure, failed to exert 
effect total 
criterion was the measure of learning 
\lso, the RX&L 


was significant in 


a significant 


when 


elapsed time to 


which 
analysis of 


miteraction, 
the 


trials to failed to 


reach 
significance with time as the measure 


criterion, 


It was hoped that inclusion of the 
variables, rate of presentation (R), and 
length of list 
III would, through their interaction 
with ORM, assist in understanding the 
behind the surprisingly small 
detrimental effects produced by reduced 
percentage ORM Since neither inter 
acted significantly with ORM, however 
the reasons remain speculative. 


Both R ORM 


been varied over a sufficiently wide range 


L) in the design of Exp. 


reasons 


and appear to have 


to have produced interaction if it exists, 


WILSON, AND D. 


A. WISE 


but the 
may 


small number of cases per 
precluded 


moderate effect. 


cell 
have detection of a 
Both variables showed 
significant separate effects and, in the 
case of R, the practicable limits of varia 
tion were probably 
Ss in the 1 


have 


approached Che 
l-sec. groups appeared t 
difficulty keeping up witl 
the pace of the drum, and the 4:4-se¢ 
rate appeared to be so 
risk boredom. 


SOTHE 


leisurely as to 
Even caution is 
generalizing about the 
variable. 


more warranted in 
etiects of the | 


The relatively restricted ¥aria 


tion of 4, 6, and 8 pairs was chosen pri 


marily because exploratory work showed 


that longer lists learned at the lowest 


percentage ORM condition would often 


require more time than a 


single fre 
class period allowed, and it by no means 
exploited the range on the long side. 
Thus, the null hypothesis for 

x R accepted only tentativel 
and subsequent work with 
may well show an ORM X | 
\nother seems likel) 
although not tested for in these 
ments, is that of ORM, rate, and mean 
ingfulness or availability at the beginning 
of learning of the 


may be 
longer lists 
interaction 


interaction which 


experi 


unit 
The separate effects ol R and L upon 
mean trials to : 


response 


criterion are in 
with 

Hovland, 

The finding that R 


general 
agreement previousl\ 


1938, 


published 
1940, 1949 

has no effect upon 
total elapsed time to mastery, 


studies 


however 
apparently has not been reported pre 
and is of 
It shows that 


to be 


viously considerable 


Ss assimilated the 


interest 


material 


learned at a constant rate which 


was independent of the rate at 


presented to 


which 
them 
did 
although 
it did appear to force Ss near to the limit 
ol their 


the material 
Thus, the 1 rate apparently 


not create an “input overload,” 


Was 


1 Sse ¢ 


perceptual and articulatory 
capacities, particularly the latter. Simi 
larly, the 4:4-sec. rate apparently did 
not reduce the rate of input below Ss’ 
rate of assimilation of the material 
Previous 
1959: 


investigators 
Schulz & 
offered a 


((;0ss et al 
1960) have 


suggestions as to 


Runquist, 
number of 
factors which probably operate to com 


pensate for reduced percentage ORM 





PAIRED-ASSOCIATE LEARNING 
Schulz and Runquist vere able to show 
through an analysis of overt errors that 
. ‘ ° EDWARDS, 
response competition was less in paired 
adjectives learned under reduced ORM. 
Unfortunately, records of overt errors 


psychological 

hart, 1950 
FELDMAN, S. M., & 
were not kept in the present studies. Stimulus recall follow: 
oth Goss et al., and Schulz and Run learning. J 
quist note decreased percentage GLAZE, | \ 
ORM provides opportunity for increased nonsense syllables 
h is undoubtedly an 1928, 35, 255-267 
important factor. Results of the present “05% \. E., MorGan, ( 


) ssociates learni 
aati. dente Paired-a tes lear 


rehearsal, whit 


studies are congruent with 

. . wTCen i t 0 

pretations and we o the additional “ 

. members re force! 

speculative suggestion that reduced ORM chol.. 1959. 57. 96-104 
hol., . We 

appears to increase motivation and HAAGEN ys H Svr 


] 


attention ot Ss liarity ind associat 


lami 

4100 pairs of comm 

Psychol., 1949, 27, 453 
HovLanp, C. | Experim 
| theory It] 


in paired- practice with var 


MMARY 


ecur rote-learnil 


t In I xp I, presentations 
selected i h [ r one-half of 72-190 


psycholog ‘s " sed in a HovLAND, ( | Eexpe 
factorial design with ind 50% rote-learning theor Vil 
ORM. three levels ibilits al - practice varving§ le 
40, 27, 
HOVLAND ; Experime 
rote-learnin theory Vill 


practice ) if l-assow ite 


repeti l prt / cho 1° 


yle-adjective 


rates ol presenta 
be — 1949, 39, 714-718 
~~ ORM con KimBLe, G. A., & Durot 
two order ct tions NS Adjective ind fulnes sed tenfetinn 
tive-NS tr s to mastery were learning p 
! ‘ f “.ORM, although the 
betwee 100° 
surprisingly small 
NS pairs were signifi 
learn thar the NS-Adjectiv 
ORM X S-R Order w ! T I 
In Exp. III, 100 50%, id 2 ORM, 
1:1, 2:2, and 4: ntatio ind 
1 6 ind 8 1 i “ il of low 


361-308 


NOBLE, ( 


functi 


sponse mem 
59, 409-413 
SHANNON, ( 


1 ‘ 
ociation value ' \ | i factorial 
108 < | . given 
with no intertrial interval 
— oat . sg 
to criterion were an inverse mathematical in 
. } . ni lhinc 
( ORM 7 ses Il rate of Dana | niver | 


| n rrapp, E. P., & Kat 


presentation and leng | st increased mea 
trials to criterion, but 1 w presentation of Hull's table of 
320 selected nonsen 
“we " c 7 2 
elapsed time to criterion was used Psychol., 1959, 72, 423 


measure, suggesting that Ss assimilated the WEAVER, W The 


failed to affect rate irning whe 


material at a constant rate which was inde- municatio 
pendent ot rate ol presentation The Rate 180-184 
x Length interaction was iwrnilicant, with 


1 


trials to criterion as the measure Early public 
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THE EFFECT 


OF CS PRESENCE 


DURING DELAY 


OF REWARD ON THE SPEED OF AN 
INSTRUMENTAL RESPONSE ! 


MORTON 


Towa Child Welfare Research Station, State 


The effects of delay 
response strength has 
siderable S-R learning 
theory. Most of the investigations 
of this variable in the instrumental 
conditioning situation have employed 
animals as Ss. 


of reward on 
received con- 


attention in 


The results of such 
studies (Harker, 1956: Perin, 1943: 
Ramond, 1954) indicate that, in 
general, delay of reward has a detri- 
mental effect on response strength. 
The delay on 
strength in human Ss is not as clear- 
cut. Lipsitt, Castaneda, and Kemble 
(1959) reported that children re- 
sponded significantly more slowly to 


effects of response 


a light associated with delay than 
with immediate 
reward. In two similar experiments 
(Lipsitt, 1957; Lipsitt & Castaneda, 
1958) no significant difference was 
found in the speed of response to the 
two lights, but when the children 
were given a choice as to which 
stimulus was to be presented (Lipsitt 
& Castaneda, 1958) the immediately 
reinforced one was chosen significantly 
more frequently. 

It has been suggested (Spence, 
1956) that a major effect of delay 
is to facilitate the establishment of 


to one associated 


competing responses to goalbox cues. 

1 The present paper is a portion of a dis- 
sertation submitted to the Graduate College 
of the State University of lowa in partial 
fulfillment of the requirements for the PhD 
degree in the lowa Child Welfare Research 
Station. The writer expresses 
appreciation to Charles C. 
directed the dissertation. 

2Now at Houston 
Institute. 


his sincere 
Spiker who 


State Psychiatric 


RIEBER ? 


University of Iowa 

It is hypothesized that an animal 
experiencing a delay of reward will 
make various responses in the presence 
of goalbox stimuli during the delay 
period. 


become associated 


Assuming that such responses 
with the goalbox 
cues, and generalize to the runway 


cues, they should interfere with the 


appropriate running response and 


Similar effects might 
be expected for children in a 


slow it down. 
delay 
of reward situation if the cues which 
elicit the appropriate response (CR) 
the 


presence ¢ | 


during delay 
That is, the 


such cues during delay would permit 


are also present 


interval. 


the association of inappropriate, com- 
peting responses to them. Hence, 
it would be expected that interference 
with the CR would be an increasing 
function of the 


the present 


similarity between 
during the delay 
period and those which elicit the CR. 

The present 
signed to test the hypothesis that 
the effect of delay of reward in 
children is to facilitate the association 
of competing with the 
stimuli which elicit the CR. A simple 
instrumental situation 
was used in which Ss were required 
to make a motor the 
onset of a CS. There three 
experimental groups. Group DS ex- 
perienced a delay of reward and the 
CS remained on during the delay 
Group D also experienced a 
reward, but the CS ter- 
minated with the response and was 
not present during the delay period. 
Group IM was reinforced immedi- 


cues 


experiment was de- 
responses 


conditioning 


response to 


were 


period. 
delay of 





DELAY OF 


ately following the response and the 


CS terminated with the response. 


the 


Speed of response was used as 


criterion measure. 

The effect of changing the stimulus 
conditions with the onset of the delay 
period may be evaluated by 
paring the performances of Group D 
and DS. Any competing responses 
made by Group DS during the delay 
period may 
the CS. 
made 
this 


com- 


become conditioned to 
Group D could also have 
during 


was 


competing responses 
but the CS 

present and the conditioning of these 
would been 
Thus, to the extent that 
Group DS responds more slowly than 
Group D, there is support for the 
that the major 
effects of delay of reward is to condi- 
the CS 
compete with the CR. 


interval not 


responses to it have 


minimal. 


hypothesis one of 


tion to responses which 


A comparison of the performance 
of Group D with that of Group IM 
provides an indication of the effec- 
tiveness of delay when the association 
of competing responses is minimized. 


METHOD 


yuo ect The Ss 
children attending the Cleveland Elementary 
School in Cedar Rapids, 
Apparatus 
iIywood box, approxi iately 
\ lever, located on the right side of the front 
top of the lever 
ball pro 
vided a gripping surface. The lever could be 
total distance of 15 in 
Hunter 
controlled a 


ofiset 


were 89 kindergarte 
lowa 

The apparatus consisted of a 
pl 20 K 20 x 20 
face, protruded 8 in. On 


there was a sponge rubber which 
moved downward a 
Its complete depression activated a 
Dex ide 

inforcement dispensing device, 


of a CS 


interval timer which 
and 
The re inforcement disper ser was 
when activated, 


contained in the box and, 


it delivered a trinket into a container (goal- 


* The 


Superintendent of 


writer is grateful to H. C. Reid, 
Schools, Cedar Rapids, 
lowa, for his permission to use the children 
this 
ilso expressed to Catherine Eckstein of the 
Cleveland School, 


staff, for their fine cooperation and assistance 


is Ss in experiment Appreciation is 


Elementary and to her 
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located at the bottom center of the front 

A 20-w. “black light"’ fluorescent tube 
was mounted on the top front edge of the 
and that it lit immediately 
A reflector directed the light onto the goalbox 
and the front of the apparatus, both of which 
were with 


box 
face. 


box wired so 


which 
light 
when illuminated by the 
tube Much f the light 
tube was 


coated fluorescent paint 


appeared light under ordinary 
and bright 
“black light” 
emitted by the 
of this 
stimulus 
rhe 
' 


control of the i Val 


depress m of the 


grey 
green 
visible and onset 
light served as the discriminative 
illowed = for omatie 


omplk te 


apparatu 
betwee! ( 
and 


also made for auto 


lever delivery of the 


reward Provision was 
control of the 
plete depression of the lever and termi 
of the CS Standard Electric 


were wired into the circuit rhe first clock 


mati interval between cor 
1atior 
clocks 


Two 


started as soon as the stimulus light 
turned on by E. When S started to depress 
the lever (move it } in 


ind the clock 


k was stopped as soon as the 


Was 


A the first clock stopped 
rhe 


1 
lever 


second started second 


clock was 
T ime 
relerred to 


depressed through its full 15-in. swe ep 
recorded by the first clock will be 
d time recorded by the 


second clock will be referred to as movement 


as starting latency a1 


time 

Procedure The 89 Ss 
divided into three groups he Ss in Group 
D (N = 30 12-sex period 
of delay between their response to the CS and 
delivery of the trinket For this 
group the CS terminated simultaneously 
with the making of the response. Group DS 
(N = 30) also experienced a_ 12-se 
of reward, but the CS present 
the delay 


were randomly 
experienced a 


reward 


delay 
was during 
and terminated with 


Group IM (N = 29 


experienced immediate reward and the CS 


interval 
delivery of the reward 
cerminated simultaneously with the delivery 
of the trinket All Ss 


forced CS presentations 


were given 16 rei 
trials Phe inter 
between CS onsets was kept constant 

and 


groups was approximately 20 


duration Starting and movement ti 


were recorded for each S on each trial 
Twelve of 


because of E's error or apparatus failure 


these measures were not recorded 


a semidarkened 
The E 


when the CS was turned on he 


The Ss were brought into 
experimental room one at a time 
told S that 
was to press the lever down once, and this 
response would be followed by e jer tion of a 
trinket into the goalbox 


nonreinforced 


The S then received 


one demonstration, without 


presence of the CS, in which he was asked 
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* 9 
TRIALS 
Me in 


each experimental condition 


tarting speeds per trial for 


g the lever all the 
reminded » 
the CS 


ejec ted 


it’’ by pushir 
The E then 
the lever 
would be 


The S 


way 
that if he 
was 


down 
pressed when 
trinket 


keep 


on, a 
could 
was also asked to keey his hand 
on his lap when the CS was not or The E 
said “O.K.’” approximately 2 before the 
onset of the CS, for each trial Phis statement 
i ready 


which he 


Sec 


- } 
signa 


served as 


RESULTS 


The data 


taking the reciprocal of the starting 


were transformed by 
latency and movement time measures 
trial and multi- 
100, yielding starting 
This 
carried out in 
order to better approximate a normal 


for each S on each 


plying it by 


speeds and movement speeds. 


transformation was 


distribution. In cases where a score 


was missing, the trial mean for the 


RIEBER 


group was used in the analysis of the 
data and the appropriate degrees of 
deducted from the 


freedom were 


error (Ww). 


Starting s pee d. 


Figure 1 
the mean starting speeds for the three 


presents 


The 
major interest was in the comparisons 
of Group D with Group DS, and 
of Group D with Group IM, 
the 16 his 
the use of two 
analyses of 


groups as a function of trials. 


on 


each of trials. neces- 


sitated separate 
than 


first ol 


rather 
The 
(Table 1) 

DS 


Varian e 
an overall analysis 


these analyses indicated 
that 
cantly more slowly than Group D 
(P < .001). The Groups X Trials 
interaction proved to be nonsignifi- 
cant (fF 1.29, df 15 Phe 
Trials effect proved to be significant 
(P < .001). 

The results of the second analysis 
Table 1) that 
responded significantly slowly 
im (OF « lhe 
Groups X Trials interaction was also 
(P< the 
Trials (P 
A t test of 
the 


Group responded _ signifi- 


867 ) 


indicated Group D 
more 
than Group .05) 
05), as 

001) 
the difference between 
the 


significant was 


effect of 


last 
the 
The results indi- 


mean of first two and 
two trials was made for each of 


groups separately. 


rABLE 1 


\NALYSES OF VARIANCI 


STARTING SPEEDS OVER 


setween Ss 
Groups (G 
Error (b) 

Within Ss 
rials (1 
GX 1 
Error (w 


lotal 


COMPARING Groups D vs 


DS anno ID 


IM on 
TRIALS 


12.02*** 


3.64*** 


1.29 





DELAY 


cated that both Group D and Group 
IM responded significantly faster on 
the last two trials (P < .001) 
was, however, 


There 

no significant difference 

between the means for the first 

last two trials for Group DS (¢ 

df 29). 
Movement speed. 


and 


1.10, 


Figure 2 presents 
the mean movement speeds for the 
trials. 


three groups as a function of 


These data were analyzed in the same 
manner as the 
Table 2 comparison 
of Group D with Group DS on each 
of the 16 trials. The analysis indi- 
cated that DS 
significantly more slowly than Group 
D (P < .005). The Trials effect 
was also significant (P .001), as 
was the Groups X Trials interaction 
(P < 005). 

A comparison of Group D 
Group IM (Table 2) failed to 
i significant difference between them 
(F < 1.0) The Groups X Trials in- 
teraction also proved 
(F 1.48, df 15 
mificant (P < 
tests 


Starting speed data. 
summarizes the 


Group responded 


with 


show 


mificant 
but the 
001). 


nonsig 
855). 
rials effect was sig 

Separate 1! 
first and last 
that all 


significantly 


means of the 


indicated three groups re- 


sponded 


last two trials 001). 


comparing the 


two trials 


faster on the 


REWARD 


MOVEMENT SPEED 








nt speeds | 


ntal condit 


DISCUSSION 


The hypothesis delay rt 
results in the conditioning of competing 
responses to the CS leads to the pre 
diction that Group D would 
faster than Group DS Che 
the present study confirm this prediction 
both 
Fig. 1) and movement speed (Fig. 2) 


reward 


respond 
results of 
with respect to starting speed 
The relative performances of 


D and IM may be « 


response 


(Groups 
xplained in terms of 
competition, provided two fur 


ther assumptions are made that 


“1 


competing responses are more likely t 
develop for Group D than for Group I M 
and, (b) that competition is likely to have 
effect on CR evocation (as 
measured by 
CR duration 


speed). The 


a greater 


starting speed) than ort 


as measured by m« 


vement 


first 


issumption he come 


plausible if it is noted that the stimulu 


TABLE 2 


ANALYSES OF VARIANCI 


(sroups (Cs 
Error (b 
Within Ss 
Trials (T) 
GX 1 


Error (w) 


3 004 


ComMpPpaARING Groups D vs 
MOVEMENT SPEEDS OVER 


DS AND ID vs 
[RIALS 


—-Uuurwn x 
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present immediately prior to the lever- 
pulling response includes the apparatus 
cues as well as the light. If we represent 
the stimulus situation after the 
of the light as CS, and that 
offset of the light as CS’, and note that 
potentially interfering 
during the delay 
reinforcement, then we 


onset 
after the 


for Group D 
occurring 
are followed by 
should expect such responses to become 
conditioned to CS’. Since CS and CS’ 
are relatively similar, it 
pected that CS should elicit these re- 
sponses through stimulus generalization. 


responses 


would be ex- 


The same analysis holds for Group IM 
except that competing responses (made 
interval) are not 
should 
not be strongly conditioned to CS’. 


during the intertrial 


followed by reinforcement and 
rhe second assumption is based on an 
(1956, pp. 
maintains that starting 
related to the 
and relative strengths 


interpretation by 
116ff 


speeds are 


Spence 
which 
inversely 
number of com- 
peting responses aroused by the CS, but 
that CR is 


probability of occurrence of competing 


once the initiated, the 
responses diminishes and remains at a 
until the ongoing 
This assumption 
with the fact that 


relatively low level 
response is terminated. 


is also consistent 


Group DS, which should Have developed 


the greatest amount of competition for 
the CR, 


over trials in movement speed, but no 


shows a significant increase 


significant increase in starting speed. 


Given these two assumptions, the 
explanation of the results for Group IM 
Group IM 


has a faster average starting speed than 


and D is straightforward 


Group D because of the lesser amount 
of competition for Group IM than for 
difference be 
tween the two groups in movement speed 


Group D There is no 


responses do not 


because | 


affect 
affect 


slower 


competing 
movement speed as much as they 
Finally, the 


speed of 


starting speeds 


average movement 
Group DS, as compared to either Group 
IM or attributed to the 


greater of competitior 


( srOUp D. is 
amount which 


develops for this group. 


SUMMARY 


lhree children were 


required to press a lever 


groups of k rgarte! 


to the onset of a 


MORTON 


RIEBER 


CS. Delivery of a trinket served as a rein- 
forcer. Group DS experienced a delay of 
reward and the CS remained on during the 
delay interval. Group D also experienced a 
delay of reward, but the CS terminated with 
the response and was not present during the 
delay interval. Group IM reinforced 
immediately following the response and the 
CS terminated with the response 

Two measures of response strength were 


was 


recorded. Starting speed was a measure of 
the interval onset of the CS and 


initiation of the response 


between 
Movement speed 
was a measure of the interval between 
initiation and completion of the response 

Results with the starting speed measure 
indicated that Group IM responded signifi- 
cantly faster than Group D, and that Group 
1) responded significantly faster than Group 
DS. 

\ comparison ot Group D with Group IM 
that the 
difference between the 

However, Group D had 
faster 


on movement speed indicated 
was no significant 
groups 
significantly 
Group DS. 

It was suggested that the major effect 
delay of reward, in this 
facilitate the 
responses with the CS 


two 


movement spet d th 


situation, was 


association of compet! 


REFERENCES 


HaRKER, G. S. Delay of reward and per 
formance of an _ instrumental 
J. exp Psychol., 1956, 51, 303-310 

Lipsitt, L. P. Effects of differential (ce 
layed reward) instrumental 
subsequent performance of children in a 


response 


training o 
discrimination task. Unpublished doctoral 
dissertation, State University of lowa, 1957 
Lipsitt, L. P., & Castanepa, A. Effects 
of delayed reward on choice behavior and 
response speeds in children J 
physiol. Psychol., 1958, 51, 65-67 
Lipsitt, L. P., Castanepa, A., & KEMBLI 
J D Effects of delayed reward pretraining 
on discrimination learning in children 
Child Develpm., 1959, 30, 273-278 
Perin, C. T. The effect of 
upon the differentiation of bar 
Psychol 


comp 


delayed re 
forcement 
responses in white rats. J. exp 
1943, 32, 95-109 
RaMOND, C. K. 
mental learning as a joint function of delay 
of reinforcement and time of deprivatior 
J. exp. Psychol., 1954, 47, 248-251 
SPENCE, K. W Behavior theory and condi 
New Yale Univer 


Performance in instru 


tioning Haven: Press 


1956. 


(Received February 8, 1960 





Journal of Experime 


ntal Psychology 
Vol. 61, N 52 


4 


INDUCED MUSCULAR TENSION, INCENTIVE, AND 


BLINK RATE 


JOSEPH B. SIDOWSKI 


San Dievo State Colle ge 


Several theoretical attempts have 
been made to explain the facilitating 
muscular tension 
upon performance both 
and verbal tasks (Courts, 
1942b; Freeman, 1933). 
cent theoretical development has been 
Meyer’s (1953) theory 
interaction which attempts to account 
for the effects of 
both learned 


responses. 


effects of induced 


in motor 
1942a, 
The most re- 


ol response 


induced tension 
and 
In brief, the theory states 


upon unlearned 
that induced muscular tension affects 
the rate of acquisition by promoting 
The theory at- 

of simul- 
convergence 


response elicitation. 
tributes the 


taneous responses to 


interaction 
a 
ol impulse patterns upon the motor 
pathways of the 
system. Interference 


central 
with 


nervous 
pertorm- 
from a facilita- 
Ob- 
viously, the effects of induced tension 


ance is held to result 


tion of competing responses. 


cannot be the same throughout prac- 
i 
optimal population of neurons, added 


tice, since an input captures an 
excitation triggers only neurons which 
contribute to the produc tion ol errors. 
rhis would tend to explain the results 
of several (Courts, 1942a, 
1942b: 1933) show 


tension to be a valuable asset during 


studies 
Freeman, which 


early stages of practice but a_ hin- 
drance to skilled performance. 

Meyer also extends his analysis to 
learning situations in which artificial 
tension is absent. 
we find 
work periods, distractions, increased 


incentives, 


In instances where 


factors such as prolonged 
tension 
is assumed to contribute to response 


Finally, the theory pro- 


etc additional 


elicitation. 


95 


IN A VERBAL LEARNING TASK 


CONRAD NUTHMANN 


Philco Corpor 


the 
eyeblink rate as an index of general- 
ized muscular tension (Lovaas, 1960; 
Meyer, Bahrick, & Fitts, 1953). 

The present study was designed in 
order evaluate the 
induced muscular tension and incen- 
tive upon performance and blink rate 
in a rote serial learning task. Within 
the framework Meyer's theory, 
the following predictions were made: 


vides a rationale for use of 


to influence of 


ol 


learning rates would be higher 
induced 


were introduced, 


a 
tension incentive 
b) 


tension plus incentive would produce 


when or 


a combination of 


higher rates than either alone, and 
curve 
conditions 


( a would 


ior 


serial-position 
all 


perhaps 


under 
with 
nounced peaking in the tension plus 


result 
blinks 


eye- 


a more pro- 


incentive condition. 


METHOD 


») 4 Twer roductory 


its 


i 


ul 


cho stude liversity 


logy 


onsin served as Ss and received class poi 


Each S 


the 
On 


4 ipated 


t 


secutive days 


for doing ) parti 


hour 


the practice 


in 


at lor 


Sani 
Day 1 day, 
all Ss were familiarized with the procedure 


ider 


experime! hve 


During the next four days each S served 1 
tal cor 
The main task for 
syllables 


following 


ditio . 


each of the four experime 
Task 
list of 
under each « 
Control 


S was to learn 


nonsense while servil 
f the 
lea 
te 


for 


a g 
conditio 


while 


ere ly 
ilar 


reward 


ri sion 


in 
1 ision 


i 


re ward 


duc ed 


Ig 


istest learner and 


fastest 


Incentive 


Tension Incentive lor 
iced tension 
edure rhe 
anged that 
S anticipated non 


ior 


le irner while usil Zz ind 


Apparati pr 


I 
arr 


is and " experi 


so blinks 


mental 
« ould 


sense 


room 
be 


syllables 


was 
ted while 


A) 


was placed in front of a table whi 


cou 
S 


adjustable chair 


h supportec 
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the task ippar itus and an ov il, roofed cubic le 


of white artboard. A headrest was provided 
for S on the back of the chair, 
hand 


right arm rest 


ind a Stoelting 


dynamometer was mounted on the 
\ metal clamp attached to 


could be 


when S squeezed to the prescribed level 


the dynamometer adjusted so that 


iuditory signal was presented. The auditory 


signal, a buzzing relay, was presented as long 


as S maintained the pressure within 3 kgm 


syllable 
i signal for 


of the prescribed level The 
of the list 


first 
inticipatory cue) was 
S to squeeze and anticipate the syllables 

conditions S 


During the two tensior 


squeezed ind ke pt the buzzer on during a trial 
lhe hand was relaxed during the rest intervals 


During the Control and the 


1 


between trials 
Incentive conditions the buzzer was presented 
automatically by E throughout each trial 
in order to control for any that the 
had during the 


le vel yt ! 


etlects 


buzze r may have Tension 


conditions Phe duced tension 
determined by having S 
hand dynamometer as hard 
30 sex One-fourth of the 
it the end of the 
is S’s level of 


was taken each day 


was squeeze the 
as possible lor 
reading, taken 
used 
ot Ss 
the be 
ginning of the experimental period regardles 


of the condition for that day In 


illow for 


30-sec period, was 
tension \ measure 
squeeze prior t 
rder to 
dissipation of the t sion etiects, 
a period of 5 min. elapsed prior to beginning 


the experimental session for that particular 
day 

Five lists of nonset 
ind four 


1928) and of 


ise syllables one pra tice 
experimental, taker 
high associatio value Si 
100% were used \ different 
started each of the syllables in a list 
the vowels being used about equally often 
Each list syllable 

Syllables were presented auditorily by means 
Webcor 
with an 8-se rest 1 
During the rest 


from Glaze 


consonant 
with 
consisted of 10 nonsense 
ol a tape recorder at t-sec. rate 
terval trials 
terval of the 
tions, S relaxed his hand 

syllable served as inticipatory 
learned only 9 items The Ss lear: 
list until all syllables 
pated durts yasi igle trial Since the syllable 
were spelled out to S from the 
made by 
rhe interior of the 


between 
tension condi 


Since the first 


ed each 
were correctly antic 
tape recorder 
all responses S were also spelled 

S’s cubicle was illumi 
bulb attached to the roof 


elids through i 


nated by a 60-w 
Che E could ol 


one-way 


serve S's ey 
vision screen covering the aperture 
wall of the ibicle Che 
blinks was counted by E and 
outside of the room 
vailable for the 


cut into the near 
number of 
automatically recorded 


\ record, therefore, was 
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blinks 


syllable intervals and during the rest i 


number of nade during the inter 
itervals 
atter 


At no time during or the experiment 


was S given any indication that blinks were 


being counted An eyeblink was defined as 
eyelids rhe 
measuring blinks was 


used bi Mever, 


one complete closure of the 
above technique for 
identical with the 
Jahrick, and Fitts (1953 

Design \ single 4 X 4 greco-lati 


design repeated six times was used Latin 


method 
squ ire 


letters represented the four 


conditions while the Greek letters represented 
the four lists of syllables 
to learn the list 
ill conditions 
however, Ss 


hand dy 


on throughout a trial 


experimental 


The Ss were told 
is qul kly as possible under 
During the ter 
were also told to 
ind to keep the 
the Control 
to learn the 
were 
that Ss 


sion co ditions 
Squeeze the 
namometer buzzer 
During 

condition, Ss were merely told 


list Incentive instructions identical 
with the Control 
told that the 
in idditional 


Tension T | ce 


except were ilso 


fastest learner would receive 


class point During the 


condition Ss 


itive squeezed 


the dynamometer and were offered the same 


reward for fast learning as in the Incentive 


condition The two incentive conditions 
afforded 
of receiving $2.00 and two extra class points 


' 
At the 


questioned concerni ig the value 


therefore, each S the opportunity 


conclusion of the sessio ill wert 
of the mone 
ind class points in order to determine the 
incentive value of the rewards for each S All 
Ss verbally expressed interest in attempting 
to win the: money and points 
Iwo Es 


experiment One E 
the second E rec 


were throughout the 


blink 


orded the number of « 


present 
counted while 


orrect 


inticipations on the response sheets. Neither 


E was visible to S during the 


RESULTS AND DISCUSSION 


data SDs 
and 


presented in 


Learning Means and 
trials to. mastery are 
Table 1. Analysis of 
variance for the total number of errors 
presented in Table 2) 
nificant Conditions and Day effects, 
with the 
significantly decreasing over the four 
experimental days. 
for differences between ranked means 
(Duncan, 1955) showed the Tension 
condition producing significantly more 
errors than the Control and Tension 


lor errors 


sh« Ww ed sig 


overall number of errors 


Subsequent tests 
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P < 05). 
the 


Incentive conditions 
analy ses on 
trial 
producing 
than all 


statistical 
number of 


Similar 
errors per 


showed Tension signifi- 


cantly other 


more errors 
conditions. 

Since it was possible that tension 
facilitate 


learning 


might 
in the 


performance early 
inhibit 
reac h 
and 9 
were also subjec ted to anal- 
Although the data indicated a 
consistent superiority for the Control 
and 


analyses of 


process and 
later, trials to 
criteria of | i % 


perlormance 
successive 
correct 
yses 

Tension + Incentive conditions, 
variance showed: (a) no 


rABLE 1 


MEANS AND SDs or Totrat ANTICIPATION 
ERRORS AND TRIALS TO LEAR? ’R 


EacH CONDITION 


15.70 
20.15 | 10.04 
17.23 9.67 


21.06 9.25 


8.63 


differences in number of 
the 
signinicant 
in the number of 
correct F 
and (¢ 


significant 
trials to 


correct, b a 


? 


reach criterion of 3 
difference 
trials to 
8.35, df 3/60, 


reach 6 
P<.01 

the differences in number of 
trials to reach the criterion of 9 cor- 
rect fell just short of the 5% level of 
significance (this analysis, however, 
showed a significant decrease in the 
total trials to learn over 
the four experimental days, P < .01). 
Subsequent tests 


number of 


Duncan, 1955) on 


trials to reach 6 correct showed: (a) 


the Tension condition required signifi- 
cantly more trials than all other con- 


ditions (P < .01), (6) the Incentive 
condition required more trials than 
Control (P < .05), 


and (c) there were 


TENSION, INCENTIVE 


per S 
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rABLI 


ANALYSIS OF VARIANCE F¢ 
ANTICIPATION ERR 


Source 

Order of presentatio 

Between Ss in same 
order 

Days 

Syllable lists 

Conditions 

Square uniquen 

Residual 


Total 


966.00 


no other statistically 
lerences. 

Eyeblink data.—The 
blinks per trial per Os 
the 24 Ss 
presented in Fig 1 
bowed 


number of 
summed over 
for each serial position are 
Che expect d 
curves with 
peaking for the 
did not materialize the 
related error data showed the classical 
bowed effect with peaking at 
the syllable for all 
Che SDs for 
S per trial are shown i 


serial more pro- 


nounced tension 


conditions 


serial 
sixth groups 


means and blinks per 


ible 3 lor 


CONTROL 
TENSION 
INCENTIVE 


BLINKS / TRIALS 7 SUBJECTS 


TENSION + INCENTIVE 





TION OF 


Fic. 1 The number of 
per Os are presented lor ¢ 
Each of the points plottec 


from summing the individu 


values over the 24 Ss at « 
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each condition. 
were carried 
S per trial disregarding 
serial position) and on the total num- 
ber of blinks. The results of the 
analyses indicated no significant dif- 


Analyses of variance 


out on the blinks per 


measures 


ferences between conditions tor either 
measure. Analysis of total number 
of blinks, however, showed a signifi- 
ficant decrease in blinks over the four 
experimental days (F = 6.06, df = 3/60, 
P < .01). Similar analyses of blinks 
to reach criteria of 3 and 6 correct 


showed no differences 


whi h could 
not be credited to total time to reach 
criterion. 

In order to determine if blinks in- 
creased or dec 
during learning, blink 
first and last learning trials were 
summed for each S. The means for 
each condition are presented in Table 
4, An analysis of variance for 


repeated measures showed a signifi- 


reased in frequency 


data for the 


cant decrease in blinks from the first 
to the last learning trials (F 7.02, 
df i/ze 2 = No other sta- 
tistically significant differences were 
found. An _ additional 
repeated measures 


analysis lor 
carried out 
four trials and showed 


blinks 


Was 
over the first 
no significant differences in 
between conditions or trials 
Several previous studies (King & 
Michels, 1957; Meyer et al., 1953) 
showed significant differences in blinks 
counted intervals. The 


number of blinks during the 8-sec. in- 


during rest 
1 


rABLE 3 


[RIAI 
ACH COND 


Control 10.08 


Tension 10.06 
Incenti 10.10 
lens + 1 9 86 
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rABLE 4 


MEAN NUMBER OF BLINKS FOR FIRST AND 
RIALS FOR EACH 


CONDITION 


Last LEARNING 


Control 
Tension 
Incentive 


lens T li ( 


tertrial rest intervals, therefore, was 
also subjected to analyses in the pres- 
ent study. Nostatistically significant 
differences were found between any o 
the conditions. (In the cited studies 
Ss were required to perform visual 
tasks during the periods preceding the 


rest intervals.) 


With 


ould Say 


regard to the blink 
that the 


were 


data, one 
tension and incentive 
conditions since 
thougl 
and therefore should 
This 


believe 


actually relaxing 
they generally reduce blink 
not significantly so 


rate 


produce worse performance. 
hard to 
more likely that the superimposed tasks 
in the study 


ever, is rather 


present involve response 


do not in lude eve blinks 
that 
from the 


patterns whicl 
It should be noted, 
blinks significantly 
first to the last trials t 
learn significantly decreased over days 
the 
period can be 


howe ver, 
de cre ased 
trials. Since 
over the 


total 


decrease in blinks 


Sa me 
attributed to 
to reach criterion.) 


With 


performance from condition to condition 


time 


1 


regard to variations in verbal 
it appears that grip tension consistently 
interfered 
the 


with that 


during 


performance and 


incentive reliably interfered 
part of the learning trials 


the case, 


This being 
should 
Tension alone. The 
that this is 
not the case and that incentive and grip 
tension are not additive. 

In conclusion, 
ent 


rension + Incentive 
interfere more than 


results, however, indicate 


the results of the pres 
fail to the theor' 
of simultaneous interaction of neural 
responses (Mever, 1953) 


study support 
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SI MMARY Courts, | Relations betwee 
' tension and performance P 
nt ol college s nts se y S si Wee ial 
wenty-four lege tudents, serving a 1942, 39, 347-367 b) 


their own controls, learned lists of nonsense 
! DuNcAN, D. B Multiple rang: 


. F tests. Biometrics, 1955, 11, 1 
tions: 1) induced muscular tension, (5 


, FREEMAN, G. |} e facilitative 
eC 


ive combi tension 


syllables under each of the following condi 


t 


: , tory efiects 
pius incentive ind ‘ no special incentive 


or induced ision (Control Eveblinks 


periormance 
were counted during the learning trials and 45, 17-52 
intertria! rest i sie (sLAZE, ] \ The associatio 

Phe learning 1) the induced ense syllables net 

scular tension consistently interfering 255-269 

centive reliably inter- KING, he , & Micuets, K M 
fering during part of the learning sessions. tension and the human blink rat 
ind (c) no sigt nt difference between the Psychol., 1957, 53, 113-116 
Control and Tension + Incentive conditions Lovaas, O. I. The relation 
The nk analysis showed no statistically muscular ten 
ignificant differences betweer conditions fest anxiety 
either during learning or during the rest 1960, 59, 145 
intervals \n expected bowed serial curve Mever, D. R 
for blinks, paralleling the curves for the rote taneous respo1 
erial learning data, did not materialize 50, 204-220 
R., BAHRICK 
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DENOTATIVE 


MEANING 


ESTABLISHED BY 


CLASSICAL CONDITIONING ! 


ARTHUR W. STAATS, CAROLYN 


Arizona 
Previous studies of Staats and 
Staats (1957, 1959) have shown that 
the of meaning 
established by Osgood and Suci (1955) 


connotative factors 
may be considered implicit responses 
which can be classically conditioned. 
Osgood, Suci, and Tannenbaum (1957), 
however, state that verbal responses 
cannot always be differentiated 
terms of their connotative meaning 
For example, semantic dif- 
ferential profiles cannot differentiate 
satisfactorily among words like “‘hero,”’ 
It 
might be stated that the inadequacy 
of connotative meaning in accounting 


in 


factors. 


““success,”’ ‘“‘nurse,’’ and “‘sincere.”’ 


for differences among words indicates 
that 
responses involved whicl 


there are many other meaning 
1 the seman- 
tic differential factors do not index 
In to if there 


other meaning responses which follow 


order determine are 
connotative 
to il 


meaning 


the same principles as 
it 1 
nonatiective 


meaning, is important see 


referential 
also be classically 


components can 


conditioned. Che present study tests 
the hypothesis that the denotative 
meaning of angularity- 
roundness can be conditioned. 


component 


METHOD 


from 
from 


d 34 


irose from search 
the Office of Naval Research under 
Nonr-2794 (02 ind by the Na 
Mental Healt under 
The authors wish to 
y for help in part of 
statistica 


re spon- 
sored by 
Contract 
Institute 

Contract M-2381 


thank Judson R 


tional ol 


bint 
the data collection and 


analysis 


K 


f 


tla e 


STAATS, anp WILLIAM G. HEARD 


University 


Ss used con 
materials for 
The following 
procedure was designed to obtain a group 
of UCS words which was high in ‘angular’ 


meaning and another group of words which 


The 34 were 
appropriate verbal 
use in the experiment proper 


Material in 


structing 


was high in the opposite meaning of ‘‘round.”’ 
At the same time, these two groups of UCS 
words were required not to differ on the three 
connotative of 
unpleasant, active-passive, and weak-strong 
This coutrol was to prevent the 
conditioning of connotative meaning in the 
procedure 
Ninety 
the four 


factors meaning : pleasant- 


necessary 


words, each paired with each of 


scales, were presented in a booklet 


Ss and 


for to rate Pwenty-four 
24 “round” words were randomly distributed 
among 66 filler words and nonsense syllables 
rhe in the booklets 
domized The 12 “angular” 
for the experiment 
BOX, ROOF, 
WINDOW, 


“angular” 


sheets were also ran 
words selected 
proper 
rRIANGLE, 
HALLWAY, ZIGZAG, 
WEDGE. The 12 “round” 
GLOBE, HUB, BARREL, BULB 


MARBLES, KNOB, HOOP, 


were 
STEEPLE, 


SQUARE, 
DIAMOND 
PYRAMID 
were 
WHEEI 
Phe 
meaning scores for both groups of words on 
each of the four given if lable 1 
The table also includes the difference between 
the corresponding means for the two groups 
of Thus, a of 


meaning words of 


BOOK, 
words cou 
TARGET 

PEARL, BALI 


scale 


words group “angular” 


and a group “round” 
meaning words were selected which did not 
differ to any great extent on any of the other 
scales. 
Procedure 


ployed, using 


The 
the 47 


general procedure em 
ysychology 


ol 


elementary | 
the same the study 
Heard, Nims (1959 


except that Ss were run in groups instead of 


was 


otaats, 


students, 


otaats, 


as inf 


and 


individually 

Four nonsense syllables were individually 
presented on a screen, with exposures of 5 sec 
These syllables were the neutral conditioned 
stimuli: XEH, GIW, LAJ, and QUG. Ap- 
proximately 1 sec. after the syllable appeared 
the word aloud 
and Ss repeated the word aloud immediately 
The Ss were told that they could learn each 
visually presented syllable by 


on screen E pronoun ed a 


just looking 


300 
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groups in the counterbalane ed design 
MEAN MEANING SCORES ON THE Four SCALES The resulting N was 42. The means 
FOK THE Two Tyres or UCS Worps and SDs for each scale are listed in 
Table 2. The latin square design 
involved three variables for each 
meaning scale: Syllables (LAJ, GIW 
Conditioned Meaning (angular-round, 
weak-strong, active-passive, or pleas 
ant-unpleasant) and Groups (1, I! 
The analysis of variance (Lindquist, 
1953, p. 278) for the data for each of 
the four scales revealed the following 
it it, and that tl ould lea = ; (a) Meaning was conditioned as 
by hearing it and pronouncin measured by the angular-round scale 


were instructed not to make sentences out of F 10.45. dj 1/40 P < O01 Che 

the words or to ociate them in any way 
Ea h of the SVila »] was given 12 condi 

tioning trials der of the svilables was @2d groups were not significant 


differences between nonsense syllables 


randomized except that no syllable appeared b Meaning was not conditioned 


more than twice in succession. On each significantly as measured by the 


pleasant-unpleasant scale (F 1.41 


presentation of a given CS syllable 
paired with a different UCS word x ; er 
different words were used. The CS-svllables "Or were there significant syllable 
LAJ and GIW were always paired with UCS or group differences. ( Meaning 


words having either “angular’’ or “‘round’ was not significantly conditioned as 
TY > ’ ' y = ] vs rec ds = 

eaning ; XEH was always paired with word measured by the weak-strong scale 
having ‘‘transportatio meaning: TRACTOR . - 
5 . f 1.70), nor were there significant 
CARRIAGE, WAGON CART, CANOE, TRAILER . . 
AXI. BUGGY, BUS. JEEP, BARGE, SKATES: and syllable or group differences. a 
QUG was always paired with words having Meaning was not significantly condi- 
building mater ing: PIPE, LATH tioned as measured by the active- 
WOOD PLASTER Al . WIRE, BOARDS passive scale F 58). nor was 
SCREWS, PUTTY I ;ES, BRICKS For 
Group | a \ is paired with UCS 
LA] with rTABLI 


CS words o round meanl 


Group I] 6 


j 
i 
| 
i 


ig MEANS AND SDs or Con 


MEANING SCORES 
being paired with 
with “angular” w 
paired with the 
groups 
When mnditioni : 1s n 
pleted, ited tt i ich the 
four sylla - ol tO la ( 1 rential 
scales: angular-roun ve-passive, weak 
he latter 


three scales repres¢ d the three connotative 


i\ 
strong, and pleasant leasant | 


factors found by Osgood and Suci (1955 

Each nonsense syllable was paired with each 
of the scales, thus 16 semantic differential 
ratings were obtained The order of presen 
tation of these syllable-scale items was 


randomized 
RESULTS 


Five Ss from Group II were ran- 
domly eliminated to maintain equal 
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Rating of 
“round” 

The langu 
denotative meani y 
syllable LAJ, in 
1s presented 
GLOBI 


[his is 


ige conditioning of the 
response Che 
this 
word 
total me ning 
schematized in the 


sense example 


prior to the GLOBI 
elicits a responst 
two 


hgure as 


component responses ; the ‘“‘round”’ meaning 
response component r,, and the other dis 
tinctive that 


g of the word, ri 


characterize the 
Che pairing of LA] 
between 


responses 
meanil 
ind GLOBE results in associations 
LA] and r,, and | AJ andre In the following 
presentations of LAJ and the words WHEEI 
and PEARI the LA] 


ind r, is further strengthened This is no 


association between 


the case with 
they 
by other 

Che direct 


between the name 


associations rg, rw, and rp 
d are followec 
inhibitory 


issociations indicated in the figure 


since occur only once ar 


ssociations which are 
ind the individual word 


would also in this way be inhibited 


there a significant Syllable difference 


The Groups variable was significant 


Ff 5.80, di 1/40, P 05 


DISCUSSION 


It may be concluded 
called not: 
may be conditioned to CS 

their Moreover, the 
principles of denotative meaning condi 


common! 


form meanings 
tioning appear to be the same as those 
involved in the conditioning of connota 
tive meaning, i.e., classical conditioning. 
The way the conditioning was thought 
to have taken place in the experiment 


is schematized in Fig. 1 


meaning 


syllables to 


AND W. G. HEARD 


1940: 


1958; 


A number of studies (e.g., Leuba 
Lipton & Blanton, 1957; Phillips, 
and studies of sensory preconditioning) 

that sensory 
conditioned and two of them 
Blanton, 1957; Phillips, 1958) 


may 


may be 
Lipton & 
indicate 


indicate 


processes 


constitute the 
Mowrer 1960 
sensations 


Staats 


these responses 

words 
that 
and 

that 


may be 


meaning of 
may be 


1959b) has 


le 


has suggeste d 
conditioned 


suggested one type ol meaning 


response a conditioned 


sensory 


hus, in terms of the present 


response | 


experiment, “angular’’ and ‘‘roun 


meaning may be considered to be im 


plicit meaning responses of a 


sensor\ 


nature which have been conditioned to 


the words from past pairings of the word 


with stimulus objects having round or 


angular sensory qualities 


The 


relevance for 


1 


also have 


differential mea 


present results 
semantic 
urements. First, the results indicate 
that 


manti 


although any one particular s 


differential scale may be meas 


uring more than one meaning component 


it is possible to preselect UCS words 
which will condition one component o 
conditioning others 


meaning without 


Secondly, 
that 


components not among the connotative 


however, the results indicate 


since specific meaning response 


factors identified by Osgood et al. may 


be important in understanding languag: 


behavior, efforts to construct measure 


of word meaning based upon a smal 
vitiated 

that the 
meaning was 
to tour 
extinction trials prior to measurement 
of the that is, 
each presentation of the syllable until 


the appropriate scale was mus 


number of factors may be 
The 


language conditioning of 


results also indicate 


strong enough to resist from one 


conditioned meaning; 
reac hed 
be considered an extinction trial. 

article 
1959) the 


an earlier 
Heard, 
experiments 
language 
of meaning could be interpreted in word 
a set of UCS words 
elicit 


As was discussed in 
(Staats, Staats, & 


results obtained in using 


the method for conditioning 


association terms, i.e., 


as stimuli might common word 


associates which might be conditioned 


to the syllable and mediate the semantic 
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owever, seems MoOwRER, O. H. Learn ng theor 
havior. New York: Wiley, 1960 

*. E., & Suci, G. J. Fact 
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differential scoring. This, h 
less likely alternative for the 
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. . , . i meaning 
discussions of this = & 
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reasons 
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Illinois Press 
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L. W 
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RESISTANCE 


TO EXTINCTION AS A FUNCTION 


OF THE FIXED RATIO! 


JOHN J 
Columbia 
In 1938, Skinner described a sched- 


which he called 
According to this sched- 


ule of reinforcement 
fixed ratio. 
ule, reinforcement was delivered after 
a certain fixed number of 
The term 

experiments 


responses 


arose trom bar-pressing 


on another schedule, 


interval reinforce- 
the 
animal 


fixed 
which re- 
the the 
“extinction” period between reinforce- 


periodic or 


ment, in number of 


sponses made in 


ments was observed. Skinner quanti- 


hed these observations in terms of an 


extinction ratio: the ratio of extinction 


responses to reinforced responses. In 
other experiments, he controlled the 


extinction ratio by making the rein- 


forcement contingent upon a fixed 


number of responses—thus a fixed 


(extinction) ratio schedule of rein- 


forcement The lever-pressing rate 


on this schedule accelerated abruptly 


after a brief postreinforcement pause 


and continued at a high level until 


Animals 


schedule emitted 


the reinforcement. trained 


on such a a large 
number of responses during extinction 
In the the 


number of extinction 


present experiment 
to 


ratio training 


responses 
fixed was 
By 
conditioning groups of Ss on different 
fixed ratio schedules and then extin- 
the the 


size of the fixed ratio to the resistance 


following 


studied in a systematic manner 


guishing, function relating 
to extinction was determined. 
In this paper 


' This study 
research 
I am indebted to Fred S 
guidance during the course of this research 

2 Now at Merck Institute for Therapeuti 
Research, West Point i 


has 


was submitted as part of the 
for the PhD degree 
Keller for invaluable 


the convention 


requirements 


Pennsylvania 


BOREN ? 


University 


the fixed 
ratio (FR) in terms of the extinction 
Thus, 


is reinforced, the FR is 5:1. 


been followed of defining 


ratio. if every sixth response 


METHOD 


Subjects and apparatu Thirty-six mak 


albino rats from Carworth Farms were 


used as Ss \t the beginning of experimen 


tation Ss were 130 to 150 days old 
rhe bar-pressing apparatus employed was 
slightly that described by. 
Frick, Keller (1948) by 
the bar to ? i 
to prevent bar biting, and by requiring about 
10 Che food 


magazine was made to discharge a 1-grain 


modified from 
Schoenfeld, 


the diameter of 


and 
enlarging 
gm. force for bar depression 
pellet of Purina laboratory chow 

MX OS tested la 
dimly illuminated experimental room his 


room was sound resistant to external noises, 


were simultaneously i 


and the hum of an electric fan plus the clicking 


of a dummy food magazine masked noises 


from within the room. 
[The FR reinforcement 
' 


automatically by 


was programed 
outside the 


conditioned _ rei 


relay circuitry 


room \ 


forcer, the sharp click of the food magazine 


experimental 
solenoid, followed the reinforced bar depression 
immediately 

Procedure ided 
randomly into six equal groups and placed 
in the 


The 36 Ss were di 
individual living-experimental cages 
which they occupied throughout the experi 
[wo Ss were eventually discarded, 
FR 0:1 
ratus malfunctioning and one from Group VI 
FR 20:1 


under FR training 


ment 


one from Group | because of 


ipp 
for failure to maintain responding 


Che following preliminary procedure was 


common to all groups. Six days prior to 


experimentation Os were 


they 


put on a feeding 


regimen under which were fed ground 
Purina for 1 hr. daily 
Water available rhis 
feeding regimen was continued for the dura 
tion of the On Days 1 
of experimentation the unconditioned 
level) was measured 


On these and all fol- 


laboratory chow 


was continuously 
experiment and 

rate ol 
bar pressing 


for 30 min 


operant 


eat h day 





RESISTANCI 


da the ions began 


»?) 


experi ital se 
hr. 
level 
were found Following each 
and after the bar had 
been removed, eight pellets were discharged 


one at from the 


had been deprived of food 


icant differences in operant 
groups 
operant level session 


time food magazine at 

This pro 
Ss to approat h the food tray 
ind eat at the sound of 
On Day 3 all Ss 


reinforcements for b 


approxi ately 2 lin. intervals 


j 


edure trained 


the magazine click 
20 continuous 
i.e., FR=0:1, 
where a food pellet was discharged 
bar press With this sessior 


training Ww onclud 


were give! 
ir pressing 
ifter each 
the preliminary 
Group | then V 540 additional! 
ious reinforcemen 10 on Day 4 and 

of 10 succeedi 


40 reiniorcements at an 


g di oups 
received ! 
that Ss to be shifted later to 

sh ind were 
for 500 more 
t nued on an 
shifted to 5:1, 
1, and Group 
ments were 
560 rein- 
st 500 


The response I s TOT th Various 


groups at tne el I trail 


period are shown in the lower curve 


of Fig. 1 h ‘Ss were averaged 
, 
irom tne i LW maitionin 


Fe SCS- 


sions alter well trained on 


Figure 1 


iS lik reased 


shows 
from group ip, the rate in- 
negatively accelerated 


statistical 


cre ised in 


The 
of the functional relation was assessed 
by the 
1954) 


significance 


fashion. 


nonparametric Jone kheere 


test lo! ordered 


The null 


of the 


sequen? e 


hypothesis that the rates 


Various ordered 
FR 


rejected at better than the .001 level. 
Phis that the 


Lroups were 


at random with respect to was 


result indicates size 


rO EXTINCTION 


Fic. 1 
each 


represents 


fixed 


while the 
the first 

n important deter 
of the response rate 
data, 
kept in 


a) Figure 1 shows a group functional 


In interpreting these two 


limitations must be mind: 


relation and does not necessarily 


represent the changes in rate which 
individual 


trained on the 


might be observed if an 
S were successively 
various ratio schedules b) the rates 
during training include the time to 


pick up the food pellet 
to eat it 


and perhaps 
although rats may eat while 
pressing the bar). Since Ss in Group 
Il (FR 2:1) yetting about 6 
pellets /min Group VI 
FR 20:1) about 1 


pellet/min, food-getting behavior o 


were 
while Ss in 


were receiving 


cupied a greater proportion of time 
1 


for the 
latter. 


former! ian for the 


, * 
it the end of 


group 1 
t 

hus, the rate 
training may be due in part to the pro- 


food yet 


portion ot time occ upied b\ 
ting behavior rather than differences 
in rate while responding. 

since no delivered 


pellets 


were 


extinction, the initial rate 
the first 
provides a rate 


though it 


during 


during extinction 


session 


measure which, al- 


may be complicated by 


other factors, is free of food-getting 


behavior. The average rates for the 
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RESPONSES IN INITIAL RUN 


20 


Fic. 2. The length of the initial run in the 
first extinction for fixed-ratio 
schedule. 


session each 


calculated from the 
responses occurring in the first 2 min. 
of the first extinction are 
shown in the upper curve of Fig. 1. 
The Jonckheere test showed signifi- 
at better than the .001 level. 
As was true of the rate at the end of 
training, the rate at 


various groups, 


session, 


cance 


the beginning 
of extinction increased with the size 
of FR and the curve was negatively 
accelerated. 

The curves 
of Group I were typical of continuous 


individual extinction 
reinforcement and require no com- 
ment. The curves of Groups II-VI 
began with a high steady rate of 
responding. 
the 


Two-thirds or more of 
made in the 
session typically were emitted during 
this initial run. 


responses entire 
Figure 2 shows how 
the length of the run varied with the 
size of FR during training. Since 
defining the end of a run is somewhat 
arbitrary, two 
The run was 
the number 
beginning of 


criteria used. 


defined 


were 
by 
responses 


counting 
from the 
up to the 


of 


the session 


point where a 1-min. or a 2-min. pause 
occurred. 


Figure 2 shows that with 
either criterion the length of the run 
increased systematically with the FR 
schedule (P < .001, Jonckheere test). 
A comparison of the curves for the 
two criteria suggests that at the low 
ratios the 1-min. pause occurred 


BOREN 


quite close to the 2-min. pause. At 
the many 
responses might occur after the 1-min. 
criterion met but before the 
2-min. criterion could be satisfied. 

In evaluating the over-all resistance 
to extinction, the most relevant meas- 
ure is provided by the total number 
of responses made during the extinc- 
tion sessions. 


higher ratios, however, 


was 


The group means and 
SDs of the responses made in each 
presented in Table 1 
When the Jonckheere test was applied 
to the group total 
extinction responding over five ses- 


session are 


differences in 
sions, the deviation from a random 
order was found to be significant at 
the .001 level. Thus, it is not likely 
that the extinction function is 
to chance fluctuation. As 
indication the reliability 
function, the rank order of 
of the FR correlates exactly with the 
rank order of the number of extinction 
Days 1 
Day 3 the single inversion is between 
Che 


on separate days suggests considerable 


due 
another 
the 
the size 


of ot 


responses on and 2, and on 


adjacent groups. orderliness 
reliability in the increasing form ol 
the functional By Days 4 
and 5 however, the 


h id 


relation. 
extim tion, 


among the 


ol 
differences groups 


BAR PRESSES 


ON RESPONSES 


EXTINC 


Fic. 3. Resistance to extinction as 
tion of the fixed ratio. In the upper curve 
are plotted the group means of the total 
number of bar presses made in the first three 
extinction sessions In the 
plotted the mean response units, as 
defined by Mowrer and Jones (1945) 


i fun 


lower curve 


are 





RESISTANCE TO EXTINCTION 


rABLE 1 


MEANS AND SDs oF 


Day 


SD Mean 


66.3 | 109.2 
42.9 | 148.8 
96.5 | 164.0 
34.9 | 218.3 | 
115.8 | 286.0 
262.7 | 360.4 


expected 
after a large amount of extinction. 


diminished,. as might be 

Che total extinction responses for 
Days 1-3 are plotted against FR in 
the upper curve of Fig. 3. It is clear 
that the 


increases with 


resistance to extinction 
FR, at the 
The ap- 


proximately linear but with a sugges- 


least over 


range studied function is 


tion of negative acceleration. It 
might be pointed out that the largest 
this study (20:1) 
carefully selected on the basis of pilot 


which 


KR used in was 


studies as a ratio was small 
enough to maintain rapid responding 
the ratio 
could be 
maintain 
a substantial rate (as shown by 
Ferster and Skinner [1957] and by 
pilot rats 
using a FR of 50:1) which, 
therefore, would not produce a large 


in most Ss However, if 
value 


would 


were increased, a 


reached which not 


my own studies on two 


and 


considered 
fixed 
ratios than was covered in the present 
likely that the 
reaches a maxi- 


extinction curve Thus, 


over a much wider range of 
experiment, it is 
extinction function 
mum at a ratio somewhat greater than 
20:1 and then 


is increased to very high values. 


declines as the ratio 
Disc USSLON 


data 
may be compared 


The resistance to extinction 
Fig. 3 and Table 1 
Wilson's data 1954) for 


fixed-interval schedules Phe 


rather 


with various 


compari 


son can be made closely since 


his experiment and the present one were 


RESPONSES MAD! 


IN EacH DAILY EXTINCTION SESSION 


186.0 
105.4 


carried out in the same laboratory under 


With 


resistance to 


very similar conditions fixed 
interval reinforcement, the 
extinction rises sharply to a maximum at 
then declines 


approximately 1 min. and 


as the interval is lengthened In con 
trast, the fixed ratio-extinction functior 


from FR 0:1 to 


in a linear 


20:1) rises graduall\ 
Although the 


ratio function will also pass through a 


fashion. fixed 
maximum if the ratio is made very larg 
the two experiments show, over a rather 


wide range of values, quantitatively 
different relationships 

Resistance to extinction is sometimes 
held to depend on the amount of gen 
training conditions 
Mowrer & 


1e closer the resemblance 


eralization between 
and extinction 
Jones, 1945). 7 


between 


conditions 


conditioning and _ extinction 
the greater is the 
response in the face of 


When this theory 


decrement 


persistence of the 
nonreinforce 
ment. the generaliza 
hypothesis is 
schedule of 


tion applied 


to a fixed-ratic reinforce 


ment, the events which could generaliz 


to extinction might be the number 


of responses without a_ reinforcement 


(‘count’), or perhaps the maintenance 


of a high rate for a certain time (rate 
plus time). On the basis of either event 
the generalization decrement hypothesis 
would predict that the higher the fixed 


ratio, the greater the resistance to 


extinction. This prediction is in accord 
with the data of the present experiment 
On the other hand, the theory is vague 
enough to cover a wide variety of rising 
] 


functions: a linear curve, a negatively, 


accelerated curve, an S-shaped curve, 


etc. However, the theory would not 


be confirmed by a curve with a maximum. 
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Thus, 


relatively 


fail 


resistance 


the 
extinction 


it would to account for 


low to 


resulting from a large fixed interval 
and from the analogous situation existing 
with a very large fixed ratio. It appears 
then, that the generalization decrement 
modification 


to account for the resistance to extinction 


hypothesis would require 


generated by a wide range of fixed ratios 
or fixed intervals. 


Mowrer and Jones 1945 proposed 


another theory of extinction based upon 


the 
\ccording to their definition, a 


a consideration of “response unit 

responst 
unit is the total behavior which prec edes 
should 
Thus 


bar 


the reinforcement, and this unit 
hold together during extinction 
if S sixth 
press, the unit of six should be considered 
the A group ol Ss 
forced sixth bar press, 
should 


is reinforced after every 


“‘response.”’ rein 
for every then 


make six times as many bat 
presses in extinction as a group reinforced 
for every bar press 


to this theory a 
calculation was made upon the extinction 
to the response unit 


shown in the lower part of Fig. 3. 1 


In order evaluate 


data yield curve 
his 
curve was derived from the one by 
dividing the total 


bar 


upper 
ot 


number extinction 


by 


of responses 


responses presses ) the appro 
number 
the fixed 


Mowrer-Jones theory 


rein 
Che 
predicts a linear 
function with a slope of zero, but the 
empirical curve departs systematicall) 
the 


priate per 


forcement ratio + 1 


from the prediction. Even at larger 
the 


(although 


fixed ratios, decreases in 


orderly 


curve an 


way the change is 


difficult to see in the scale of this figure 


Mowrer and Jones, who made a similar 


finding in their experiment, argued that 
another variable, 
of effort | 

units, might disturb predictions of th 
theory. 


the ine reased amount 
in making the larger 
however, it is 
difficult to evaluate this argument sinc¢ 
that the 
effort is an important variable (Cape 
hart, Viney, & Hulicka, 1958; Mowrer & 
Jones, 1943) while other studies do not 
(Applezweig, 1951; Maatsch, Adelman 
& Denny, 1954 In addition, it 
clear whether a 


Unfortunately, 


some studies show amount of 


not 


18 


heavily weighted bar 
in these experiments is a good analogy 


to the fixed ratio schedul 


response 


J 


BOREN 


One 
to the 


vidual extinction records were 


other piece of evidence pertainit ‘ 


Phe 


carefull) 


theory was gathered indi 


examined for bar-y 


ress groupings ap 
proximating the number of responses pet 
reinforcement 

be Thus 
does not provide any clear evidence to 


the response unit hypothesis 


No suc h groupings ( ould 


seen. the present experiment 


SUMMARY 


Groups of its were 
pressing 

| hedules 

continuous 1 

then exting 

both at 
ning of extinction, 1 
ratio \ 
relationship is 
the nu 


wert 
rat 
the 
the fi 


the er 1 n it beg! 


creased with xed 
ipproximately linear inc 
found 


ber of resy 


reasi 


betwee the fixed 


atio and yonses made i 


extinction 
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DIFFERENTIAL RELATION OF LATENCY AND RE 
SPONSE VIGOR TO STIMULUS SIMILARITY IN 
BRIGHTNESS DISCRIMINATION ! 


ALFRED CASTANEDA 


University of Texas 
Several writers (Brown & Farber, 
1951: Miller, 1944) suggested 
that response competition (conflict) 
may provide a source of motivation 


have 


in addition to those other motiva- 


the com- 
On this 


tional sources upon which 
peting responses are based. 
basis, if an overt response has been 
initially aroused in competition with 
another, the motivational (energizing) 
effect of the conflict- o1 competition- 
produced motivational 


state might 


be expected to be reflected in some 
However, with 
1941) 


the simul- 
taneous arousal of incompatible re- 


measure of its vigor 


one exception (Finger, most 


studies concerned with 


sponses have reported a weakening 
of the overt response, €.g., lengthening 
of its latency, blocking, reversals in 
The 


of measurement may have been such, 


its direction, etc. conditions 
however, that they primarily reflected 
the inhibiting influence of the com- 
peting tendency on the overt response 

The study by Finger indicated that 
two measures (latency and force) of 
brightness discrimination performance 
in rats in the jumping-stand situation 
were differentially related to varia- 
tions in similarity between the posi- 
tive and 


simple instrumental conditioning pro- 


negative cues Following 
cedures with the positive stimulus, 
the 


during 


differences in similarity between 


two cues were introduced 


discrimination training. Latency of 
the jump shown to 
lengthen with increased similarity, a 

! This 


University of lowa 


response Was 


research wa done at the State 


AND 


LEONARD WORELL 


Oklahoma State | 


the 
the 
the 
competition 


accord with 
the 


between 


finding which is in 
that 
generalization 
the 
between responses. 


assumption greater 

cues, 
yreater degree of 
The force of the 
jump response, on the other h ind, was 
shown to increased 


increase with 


stimulus similarity. This finding is 
consistent 


the 


with the hypothesis that 
level ol drive dependent on 
simultaneously aroused incompatible 
related to the 
magnitude of the difference in strength 
them (Brown & 


responses is inversely 

between 

1951). 
The 


with the hypothesis of competition- 


| arber, 


present study is concerned 
produced drive and extends selected 


aspects of Finger’s procedure to 
human Ss. By 


means ol simple motor responses Ss 


motor conflict in 


are required to discriminate between 


simi 


varied 


stimuli varying in 
larity 
over two levels and 
the 
Since errors 


brightness. 
between the stimuli is 
the latency and 


vigor of selective response are 


recorded mn discrimina 
are likely to be 
the 
the stimuli, an attempt is made to 


minimize 


tion miore trequent 


the greater similarity between 


their incidence and _ influ- 


Such a 
important on the possibility that one 


ence. consideration 


seems 


of the consequences of an incorrect 
the 
subsequent responses. On 


response is to increase vigor ol 
the basis 
of the hypothesis that the level of 
motivation increases as the difference 
in strength between competing re 
increased 


lead to a 


sponses becomes smaller, 


similarity is expected to 


309 





310 


longer latency, but a greater vigor 
of the selective response. 


METHOD 


Apparatus.—The apparatus consisted of 
two, 4-cm. diameter, circular milk-glass 
windows which were arranged 32 cm. hori- 
zontally from each other on a black panel 
and which, from a sitting position, were 
slightly below eye level. Illumination of the 
windows by single 7-w. incandescent lamps 
varying in brightness served as the stimuli 
The handle of a Smedley-type hand dyna- 
mometer protruded approximately 13 cm. di- 
rectly below each window and was the only 
of the dynamometer visible to S. A “‘start"’ 
platform, 18 X 18 cm., situated 13 cm. from 
either handle, resting on springs and a con- 
cealed microswitch, was fastened directly to 
the front of the panel. A ready signal, 
consisting of a 6-v. pinpoint of light was 
arranged centraily and above the stimulus 
windows. 

A Standard Electric timer was energized 
simultaneously with the illumination of the 
windows and stopped when S removed his 
hand from the start platform. The lights 
in both windows were terminated by exertion 
of approximately 4 to 5 kg. pressure on either 
one of the two dynamometers. Grip pres- 
sures, in kg., could be read from the indicator 
needle which remained at the point of maxi- 
mum pressure on the scale of the dyna- 
mometer. This arrangement for recording 
grip pressure is a modification of one described 
elsewhere (Castaneda, 1956). Latency, time 
from illumination of the windows to removal 
of the hand from the platform, was recorded 
to the nearest .01 sec. 
reciprocal later. The ready signal preceded 
the onset of illumination by a 3-sec. interval 

rhe stimuli four different 
brightnesses which were obtained by means of 
appropriate settings of variable transformers 
in circuit with each lamp. The four different 
brightnesses, 2.8, 8.8, 90.9, and 291.4 ft-c, 
were 


and converted to its 


consisted of 


measurements at the 
window with a MacBeth illuminometer. The 
two brightest stimuli (90.9 and 291.4 
separated by 


obtained by 


were 
a difference of approximately 
.50 of a common log unit as were the two 
dimmest (2.8 and 8.8) The two extreme 
values (2.8 and 291.4) were separated by a 
difference of approximately 2.0 log units 
Procedure.—The experiment 
ducted in a darkened room with the major 
source of light coming from the control units 


was con- 
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which provided sufficient light for reading 
instruments and recording. The Ss 
allowed approximately 3 to 5 dark 
adaptation time during which instructions 
were read and the two practice trials described 
below were given. The S was informed that 
the experiment dealt with accuracy of visual 
discrimination. He was instructed to select 
the “brighter’’ or “dimmer” of two lights 
depending on the condition to which he was 
removing his hand from the 
start platform and gripping the handle of 
the dynamometer below the window cor 
taining the stimulus. The S was 
cautioned not to remove his hand from the 
platform until the location of the correct 
stimulus had determined. The same 
(preferred) hand was used throughout the 
experiment. During the discrimination trial 
reactions with latencies of less than .12 se 
were errors | 


wert 
min. 


assigned, by 


correct 


been 


considered anticipatory 
these instances, which were fairly infrequent 
S was again cautioned and the trial repeated 
No mention was made of the fact that grip 
pressure was being recorded he instructions 
carried no implication that speed was im 
portant [his aspect was considered neces 
work suggested that 
grip pressure depended on positioning of the 
hand on the handle which, in turn, appeared 
to be variable 


implying speed 


sary since preliminary 


more under instructions 


The following aspects of the procedure 
were intended to minimize the incidence and 
influence of errors 
trials S 
stimulus by use of 
“dimmer” in the 
correct stimulus was shown alone once in eact 
window and S was required to make the 
appropriate response 


Prior to the discrimina- 
informed of the 
the words 
instructions 


tion was correct 
“brighter” or 


Also the 


Furthermore, duri 
trials, 


the discrimination the lights in the 
window terminated 
of whether or not the 


were always regardles 
was the 
correct one and S was never informed of the 
nature of his response. Thus, as far as thi 
aspect of the procedure is 
consequences of a correct or an 
discrimination were nondifferential 

During the discrimination trials the posi 
tion of the correct stimulus was randomized 
under two predetermined orders with the 
restriction that the appear 
not more than three times consecutively in the 
same position. A total of 48 trials was given 
and intertrial intervals were allowed to vary 
with the time required by E to read, record, 
and reset the apparatus for the next trial 
Errors, when they occurred, were recorded 
for all Ss. 


response 


concerned, the 


incorrect 


same stimulus 





BRIGHTNESS DISCRIMINATION 


Che Ss 
84 volunteer males from introductory 
psychology 


Subjects and experimental design. 
were 
courses who .were randomly 
assigned, 28 per group, to one of the following 
three groups. For Group [| the stimuli con- 
sisted of the two extreme brightnesses, 2.8 
and 291.4 ft- Che stimuli for Group II 
consisted of the two lowest brightness values, 
2.8 and 8.8, and for Group III, of the two 
highest, 90.9 and 291.4. Within each group 
the brighter of the two stimuli was designated 
the correct stimulus for half of the Ss and the 
dimmer for the remaining half. For conveni- 
ence these subgroups will be identified by the 
letter B or D attached to the respective group 
number, e.g., 1-B (two extreme brightnesses, 
brighter of the two correct Within each of 
these six subgroups, half received one of the 
two orders of stimulus presentation by which 
the position of the was 
randomized and the remaining half the other. 


correct stimulus 


RESULTS 


The order of stimulus presentation 
will be ignored since it was not found 
to be related to either latency or grip 
pressure. 

Latency. 
are presented separately for all sub- 
groups in Fig. 1. i 
blocks. 

The Fs 


Mean re iprocal latencies 
in successive 8-trial 
three 


summarized from 


separate analyses of variance (Lind- 


291 
can be 


297) 


seen 


quist, 1953, pp. 
Table 1. It 


effects of similarity 


appear in 
that the 
(Groups), based 


on comparisons of Group I with 


1/LATENCY «1000 





7-24 32 


TRA 


Mean speed-of-reaction in successive 
8-trial blocks 


rABLE 1 


Fs AND Error MSs FROM ANALYSES OF 
VARIANCE OF SPEED SCORES 


Groups Compared 


74 

33 

49 

123.79 
91.97***| 110.26***| 95.40°"* 
4.10*** 1.85 3.36** 

1.57 1.39 

5.64*** 1.98 

4.24 3.36 


and Ill 
highly reliable in each case. 
of the reliable 
actions in these two comparisons the 


Groups II separately, are 
In view 
higher-order inter- 
remaining significant lower-order in- 
teractions will be ignored. Inspection 
of the curves in Fig. 1 suggests that 
Groups I-B and I-D the main 
contributors to the higher-order inter- 
action. 


are 


Not only is Group | superior 
to Groups II and III, but the differ- 
ence between I-B [-D 
with successive blocks of 
trials. Hence, the interaction suggests 
that the stimulus intensity effect is 
dependent on the combined effects 
of similarity 


and also 


increases 


and stage of practice 
In order to determine the degree of 
reliability of the interaction between 
the intensity of the correct stimulus 
and stage of training within each of 
the three major groups, analyses were 
performed on the data of Groups I, 
Il and II! separately. In 
of Group I the _ interaction 
significant at the .001 level but it did 
not reach the .05 level in either Group 
Il or III. Similarly, the effect of the 
intensity of the correct stimulus was 
significant at the .05 level only in the 
case of Group I. 

In the Group II vs. Group III 
comparison, the only other significant 


the case 


was 
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MEAN KILOGRAMS PRESSURE 


sd 7-26 232 
TRIALS 


Fic. 2. Mean 


grip pressures successive 


8-trial blocks 


effect of interest is the Groups X Trials 
interaction. Fig. 1 
shows Group III to increase in its 
superiority over Group II with suc- 
cessive Assuming 
the the stimuli 
to be subjectively comparable in both 


Inspection of 


blocks of trials. 


differences between 
groups, the effect suggests that stim- 
uli selected the 
end of the brightness dimension are 
more likely to be 


from more intense 


associated with 


shorter latencies as training progresses. 
Finally, it may be noted that latencies 


become shorter with trials in all cases. 

Grip pressure.—Mean grip pressure 
scores based on all 48 trials appear 
in successive 8-trial blocks in Fig. 2. 
In contrast 


to latency, pressure is 


related to stimulus simi- 
Table 2 which 
the Fs from the separate analyses of 
that the 
of similarity (Group I vs. II and I vs. 
the .01 
.05 levels, respectively. In 
parisons the effect of trials 
significant 
curves pressures to decrease 
over trials in all cases. This effect 
may be attributable to fatigue and 
perhaps, for Ss, to 


posit ively 
larity. summarizes 


variance, indicates effects 
and 
all com- 
is highly 
the 


Ill) are significant at 


and 
shows 


inspection of 


some learning 


that only slight pressure was required 
to terminate the lights. 

The only other reliable effect, the 
Groups X Stimulus interaction in the 
comparison involving Groups II and 
III, was not entirely unexpected on 
the basis of preliminary work. Ex- 
the results in Fig. 2 
indicates that while the brighter of the 
stimuli (II-B) 
with higher pressures in Group II, 


amination of 


two was associated 
opposite effects appeared in Group 
III. 
with the dimmer of the two stimuli 
(I1I-D). 
significant when evaluated by ¢ tests. 

Although the procedure attempted 
to minimize the 
in discrimination, 


Higher pressures were associated 


These differences were not 


incidence of 
did 
Furthermore, a higher frequency of 
errors occurred in the two groups 
which discriminated between the more 
similar stimuli. 


errors 


errors occur. 


No errors occurred 
in Group I; 1 S made four errors while 
4 Ss made one error each in Group II; 
1 S made 11 errors and 5 Ss made one 
error in Group III. Although the 
procedure attempted to prevent S's 
awareness of errors, several Ss _ ver- 
balized awareness of their occurrence. 
In order to evaluate the possibility 


rABLE 2 


ANALYSES OF 
Grip PRESSURE SCORES 


Fs AND ERROR MSs FROM 
VARIANCE OF 


8.31** 6.46* 
1.98 1.54 3 
2.99 46 4.27 
11901.04 6328.88 
27.56*** 10.99* 
2.16 76 
82 .98 
31 42 


13388.00 


$42.62 | 1236.28 
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that the present results may have been 
affected by Ss’ errors, 
grip pressure scores of all Ss who made 


awareness ol 


one or more errors were removed 


and mean pressures based on all 
The resulting 
22.03 


respec tively. 


trials were recomputed 


23.78 and for 


means was found to be 


means 
Groups Il 


were 
and 
Each of these 
significantly higher than that of Group 
I at the .O1 


by t tests. 


level when evaluated 


DISCUSSION 


sent findings, whicl 


The pre 


sistent with those reported by 


with rats indicate stimulus 


similarity te differentially related to 


the two measut I response trength 


latency and 


pressure 


cifically, the latency resul 


sistent with the interpretation 
increasing the similarity between two 


cues augments generalization between 


them and thereby heightens competition 


between the two responses. The increas« 


in grip pressure, on the 


for the 


other hand, 


pro 
vides evidence incre: 


of motivation presumed to accompany 
ompetition 


and 


heightened response ¢ 


Nonreinforcement punishment 


would be exp cted not only to vary with 


stimulus similarity but perhaps to con 


tribute to motivation as well; however 


Finger were 


the measures reported by 
obtained prior to S’s having « x pe rienced 
Similarly 
findings do not support the notion that 
| re flected 


dis 


such factors. the present 
higher grip pressures may 
ellects ol 


On the other hand, 


lave 
motivational errors in 
crimination in view 
of the fact that human Ss were employed, 
the factor of should 


onsidered. That is, anticipations of 


prior experience 


be « 
discrimination 


poor 


performance may 


have been more highly associated, 


through prior experience, with the condi 
the 


this 


less discriminable 


involving 
On 


tion 


stimuli. basis, the higher grip 
pressure scores may have reflected he ight 
ened tension, concern, apprehension, et« 

as a result of anticipation of failure, even 


though errors did not occur. 
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As indicated earlier, related 


studies have reported weakening 


most 
rather 
than strengthening, of the overt res; 
which has been aroused in comps 
with an incompatible tendency 
that the 


studies, as contrasted with 


possible conditions in 
Finge 
the present one, were such as to 
it difficult for the 


response to reflect the energizing 


vigor of the 
of competition uncomplicated 
influence of 
Chat is, the 


inhibiting 
tendency 
would most 


ence seem 


under conditions w 
continued effectiveness of the 


rise to the competing tenden 
it is possible that at the time 
occurred 


jump response 


situation, the influence of the 
tendency vas minimized 


since the present measure ol 


volved only the terminal segmer 
selective, 
that 
ated with the competing tenden 


motor response, it m 


the effectiveness of the cur 


have been negligible at this poir 
These 


difficul 


responst sequence. 
indicate one of the 


where the 


be involved 
is initially aroused in 
anothe ris also the res] 
reflect the increase in 


suggested | » accompany comp 


SUMMARY 


By 1 of simple motor 
laten 
ured, 84 
brightne 
trials 


tween 


nd vigor (grip pressure 


huma Ss were require 
discrimination 

Different grou; 

brightness values separated b 

ences of either 2.0 or .50 log 

results showed that latency was reliably longer 

n the bright 


showed the 


the smaller the difference betwee 


nesses while pressures 


grip 
effect, 1.e., 


reliably 


F urther- 


opposite pressures were 


higher he smaller the difference 
more, the effect on grip pressure 
to be independ it of errors in discri 
\mong the 


several interpretatio 


which were considered w 


that 


findings 
sibility 
simultaneous 


conditions which lead 


irousal « incomp 


sponses may serve as a source of drive 
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PAITRED-ASSOCIATE 


LEARNING WHEN 


THE SAME ITEMS 


OCCUR AS STIMULI AND RESPONSES! 


ROBERT 


K. YOUNG 


University of Texas 


he present paper deals with the 
the further investigation of a special 
case of paired-associate (PA) learn- 
ing. This PA task is one which has 
been derived from the items of a serial 
list. That is, a serial list A-B-C-D-E 
etc., may be thought of as being 
A-B, 
presenta- 
E-F, A-B, 
etc., wherein all but the first and last 
items of the serial list serve both as 
this 


composed of pairs of items: 
B-C, C-D, etc. Random 
tion of these pairs B-( 


stimulus and response, defines 
derived PA task. 

Two studies (Primoff, 1938; Young, 
1959) have shown that the type of PA 
learning mentioned 
difficult 
composed ol 


much 

list 
and 
was 


above is 
than is a serial 
the 


associations. In 


more 
items 
addition, it 
1959) that 
serial list and a PA list derived from 
the list learned, high 
positive transfer occurred from the 
PA to the serial task but did not occur 
when 


same 


found (Young, when a 


serial were 


the order ol learning was re- 


versed. That is, little, if any, positive 


transfer occurred when transfer was 


measured from the serial to the PA 
task. 

It would seem that the derived PA 
list could be viewed as an extreme case 
of intralist 


larity. 


simi- 
Since all but two of the items 
within the list serve both as stimulus 


stimulus-response 


and response, the task may represent 
an identity condition along a dimen- 
sion of stimulus-response similarity. 
The typical PA task in which there 


is low intralist similarity would be 


done under Grant G-4850 
from the National Science Foundation 


This work wa 
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this continuum while 
the derived PA list in which there are 
identical stimuli and responses would 
be at the other end. 

At present, no comparison has been 
made between the 
PA list as described 
and the learning of a PA list con- 
structed in the usual Al- 
though a rough comparison would 
indicate that a PA list derived from 
a serial list would be 
difficult than the typical 
there is no clear-cut 
support such a conclusion. 

Intralist stimulus-response — simi- 
larity has been shown to be directly 
related to difficulty in PA learning 
(Underwood, 1951) and if, as sug- 
the derived PA task 
differs from a typical PA task along 
a stimulus-response similarity dimen- 
sion, then the derived PA task should 
be more difficult than the usual PA 
task. Such a test the 
present study. Furthermore, a PA 
task composed of stimulus-response 


at one end of 


learning of a 


above 


derived 


fashion. 


much more 
PA list, 


evidence to 


gested above, 


is made in 


which are similar should be 
more difficult than the usual PA task 
but less difficult than the derived PA 
task. This test the 
present experiment. Because the 
influence of similarity may vary as a 
function of the difficulty of the 
material as determined by meaning- 


items 


is also made in 


fulness, two levels of meaningfulness 
have been incorporated in the present 
design 

METHOD 


Design The design of the experiment may 
be thought of as a 2 X 3 factorial design in 
which the 


row represent 
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rABLE 1 


Lists USED IN THE EXPERIMENT 


High 


FUZ 
HIN 
DEK 
VOL QIL 
BAC TOS 
RAS  RUI 


YOK 
GEN 
WA\ 


Oll 
COS 
RUI 
GEN 
WAV\ 
PIC 


Hig! 


YOL 
WEQ 
CUH 
KI 
NAX 
VIG 


TEI 
XID 
QAM 
ZUS 
RO] 
BER 


ZAS 
XOH 
GED 
LUY 
NIO 
riw 


KUY CIW 
NAQ SA] 
rUW GUH 
VOH ZE\ 
GEB LEB 
UI XOK 


ZEV\ 
LEB 
XOK 
SA] 
GUH 
RUY 


mean iwfulness and the coh 
the 


response similarity 


mins 
higt 


The column vari ible will 


represent 
transition from low to stimulus 
ind will be 
ol 
one pair and the response 
The 
Low Similarity condition would simply be a 
PA list, the Medium Similarity 
would be one in which each stimulus is similar 
to with the 
exception of one stimulus and one response 
which ind the High Simi 
larity condition would be a PA list 
each the 
inother pair within the list 
ol 


be designated degree of similarity 
of the 
the stimulus item of 


defined in terms formal similarity 


item of some other pair within the list 
condition 


a response item in another pair 


are not similar 


in which 


stimulus is used as for 


response 
again with the 
single stimulus and 


Meaningfulness 


exception a single 
defined in 
value of 


lists 


response IS 
terms ol 
Sy ll ible S 
1951 


the association nonsense 


taken from Glaze’s Hilgard, 


t Seventy Ss selected from 


ps 
a day 


two 


ychology classes learned one 
for 
Ss were randomly 
(90%, 
were assigned 
6 
d ti 


introductory 
list 


the 


SiX-palr three successive days 
One-half 
the high-meaningfulness 
the other half 
meaningfulness 
in all three c« 
practice day being given 

Lists 
syllables 
filmstrip projector at a standard 2:2-se 
with a 4-sec. intertrial interval. The 
learning criterion for all lists was one perfect 


issigned to 
group and 
to the low 
Each S served 


similarity 


group 


nditions of with no 


List 


presented by an 


and nonsense 


Animatic 


apparatus 


were 


rate 


K 


YOUNG 

The 
90°; 
the value of 
each list in the 20°, group was equal to 20.0% 
The three lists group 


counterbalanced, requiring six Ss for complete 


of the 
group varied from 91.6 to 


recitation association values 


lists in the 


93.3%) while mean association 


learned by a were 
counterbalancing 

The 90° lists 
lable 1 rom the table it can be seen that 
the Low Similarity lists are simply PA lists 
with low and that the 
High Similarity lists are PA lists with the same 
items serving both as stimuli and as responses 
Similar pairs of the Medium Simi 
larity differ by one letter For 
example, the response in the pair GOL-HIN 
is similar to the stimulus in the pair MIN- 
BAC. In the Medium Similarity condition 
both the 90% and 20% lists included pairs 
which differed either by 
third letter 


and 20% ire presented in 


intralist similarity 


items in 


lists only 


the first, second, or 


With the exception of the similarity arising 


from manipulation of stimulus-response 
larity, formal intralist 


as possible 


Siti- 
similarity was low 
In the 90°, 


twice in 


as 
in all lists group 6 


used the Low 
but 
ind 3 were used twice in the 
of the 20° 
more than 
Similarity 
the 
in similar 


With 


items, 7 


consonants were 


Similarity condition never in the same 
Low condi- 
No consonant 
the Medium 


conditions of either 


palr 


tion group. was 


used 


High 


with 


once in ind 
group 
exception of those which appeared 
or identical 


to 


stimuli and responses 
identical 
consonants were repeated in the 
Medium Similarity conditions and 10 in the 
High Similarity conditions. Thus the formal 


conditions 


relerence the similar and 


similarity between was approxi 


used more 
the lists in 


No vowel was 
ot 


mately equivale nt 


than four times in any either 
group 
Three orders of 
for each of the lists in both gro Ips to reduce 
In addition, 
or similar items in the 


Similarity 


presentation were used 
the possibility of serial learning 
pairs which had items 
of the Medium 


In common were never pre sented in succession 


case conditions 
RESULTS AND DISCUSSION 


Trials The 


bers of trials to learn as a function of 


to learn. mean num- 
simi- 
larity are presented in Table 2. The 


variances obtained were found to 


meaningfulness and degree of 
be 
heterogeneous and the data have not 
been transformed. 


Nonparametric techniques were em- 
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test for the 
rhe 

meaningfulness was analyzed by use 
of the Mann-Whitney L’ test (Siegel, 
1956, pp. 116-127). With Ns of 36 
and 36 the obtained U was trans- 
formed into a z score of 6.08 which is 
the .001 
90%, lists were 
the 20%, lists 
conditions were analyzed 


ployed to significance 


ol differences influence of 


be vond 
that the 
learn than 


significant level, 
indicating 
easier to 
Similarity 
separately for each group by use ol 
the Friedman two-way 
variance (Siegel, 1956, pp. 166-172 
The X? obtained for the 90° group 
was found to equal 38.38 and for the 
With 2 dj 
a X* of 13.82 is required for significance 
at the .001 
difficulty 


analysis ol 
20% group Xx 6.72. 


that 
similarity in- 


level indicating 


increased as 
Thus, 


similarity 


creased both meaningfulness 


had a 


number of 


and significant in- 


fluence upon trials to 
criterion. 

Additional comparisons were made 
between the High and Medium Simi- 
The 


Me obtained between these two condi- 


larity conditions in each group 


tions in the 90%, group was found to 
equal 12.25 which is significant be- 
yond the .001 level with 1 df, but the 
4 obtained between the 


same two 


Was 


conditions of the 20°% group 


found to equal 1.00 which does not 
reach difficulty of 
in the 20% 


te nds to be 


signihcance The 
the High Similarity list 


group probably under- 


rABLE 2 


) LEARN TO CRITERION 


LEARNING 


rABLE 3 


OVERT ERRORS PER TRIA 


the 18 Ss 
experiment 


since 12 of 
the 
failure to 


estimated 


dropped trom were 


lost because of learn this 
list. This loss of Ss mav account for 
the significant differ- 
ence between the High and Medium 
conditions of the 20% group 

The 
that paired 


syllables is a function of meaningful- 


absence of a 


present findings indicating 


learning of nonsense 


ness is consistent with other research, 
e.g., Noble McNeely 1957 

in that the higher the meaningfulness 
the 


and 
of the verbal material the faster 
learning. 

that diff- 
culty increases as similarity increases. 
Since the mean of the High Similarity 
PA list in the 20% 
underestimated 
of Ss, it 


Ihe data also indicate 


group tends to be 
because of the 
that the lower the 
meaningfulness the greater the influ- 
ence similarity 


loss 


may be 


has in retarding rate 
Although would 
be consistent with serial-learning data 


of learning. this 
in which meaningfulness and intralist 
nder- 
1956 no 
equivocal statement can be 
the 


similarity were manipulated (l 


wood & Richardson, un- 
made in 
present experiment concerning 
the interaction of meaningfulness and 
similarity In any event it is clear 
that similarity as manipulated in the 
present experiment is a potent vari- 
able and that the difficulty of derived 
PA learning is largely attributable to 


the similarity conditions within the list. 
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Errors.—The overt error data were 


analyzed in terms of overt errors 
per trial and are presented in Table 
3. Overt errors per trial were found 
to be a function of the conditions of 
Similarity (F = 19.10, df = 2/136, 
P < .01), Meaningfulness (F = 5.05, 
df = 1/70, P < .05), and the inter- 
action between Meaningfulness and 


Similarity (F = 14.65, P < .01). In 


addition, separate analyses of the 90% 


and 20% groups indicate that errors 
per trial were a function of 
larity when meaningfulness was high 
(F = 29.08, df = 2/68, P < .01) but 
not when meaningfulness was low 
(F < 1.00). Thus while the 90% 
lists were learned faster, more errors 
per trial were elicited the 
learning. 


simi- 


during 


When meaningfulness was high, list 
difficulty and frequency 
directly related to intralist similarity. 
When meaningfulness was low, difficulty 
increased as intralist similarity increased 
but error frequency did not. Like many 
previous studies there is a lack of a 
between 


error were 


consistent relationship error 
frequency and learning as intralist simi- 
Underwood (1953a, 1953b), 
found intralist 
similarity related to error frequency but 
not to rate of learning and he also found 
intralist stimulus similarity tended to 
be related to learning but not to error 
frequency. No immediately apparent 
explanation is available for the lack of a 
systematic relation between similarity, 
meaningfulness, rate of learning, and 
error frequency obtained in the results 
of the present experiment. 


larity varies. 


for example, response 


SUMMARY 


In the 
similarity 


present experiment the formal 
between the stimulus of one pair 
of nonsense syllables and the response of 
another pair was varied. Under conditions 
of low stimulus-response similarity a paired- 
associate (PA) task with low intralist 
larity was learned. Under 
high stimulus-response similarity a 


simi- 
conditions of 


PA task 


ROBERT K. YOUNG 


which all but 
the six-pair list served both as the response 


was learned in two items in 
for one pair and the stimulus for another. 
In terms of formal similarity all 


approximately the same. 


lists were 
Iwo groups of lists 
were learned, one group having high meaning- 
fulness (90% 
syllables) and the other having low meaning- 
fulness (20% 
syllables). 

rhe experiment 
were that rate of learning was directly related 
to meaningfulness and inversely related to 
degree of stimulus-response similarity. In 
addition it was found that frequency of overt 
errors was directly related to similarity 
under conditions of high meaningfulness but 
was not related under 
meaningfulness. 


association-value nonsense 


association-value nonsense 


major findings of the 


conditions of low 
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THE EFFECT OF CONTINUOUS, PARTIAL, AND 
VARIED MAGNITUDE REINFORCEMENT 
ON ACQUISITION AND EXTINCTION 


HARRY G. 


YAMAGUCHI 


Indiana University 


Beier, and Ellis (1955) 


initiated the study of varied magni- 


| Ogan, 


tude reinforcement wherein all train- 
ing trials are but with 
Variations in from trial to 
trial. Their predictions of the effect 
of this type of reinforcement schedule 


reinforced 
amount 


on acquisition and extinction (Logan, 
Beier, & Kincaid, 1956) were derived 
from a micromolar extension (Logan, 
1956) of Hullian theory (Hull, 1952; 
Spence, 1956 
et al., when applied to various rein- 
forcement schedules identical in total 
but differ- 
ent in variability of amount, would 
predict that (a) 
formance, the 


The theory of Logan 


amount of reinforcement 
in acquisition per- 
effect of varied mag- 
nitude reinforcement will be similar 
to that of continuous reinforcement 
but inferior to the effect of partial 
reinforcement, and (6) in resistance 
the effect of varied 
magnitude reinforcement will be in- 


to extinction, 


termediate to those of partial and 
continuous reinforcement. 

The present experiment is a further 
study of the relative effects of varied, 
partial, and continuous reinforcement 
on acquisition and extinction. 


METHOD 


and apparatus.—The Ss were 52 
male hooded rats bred in the Indiana Uni- 
versity animal and were 90 to 120 
days old at the beginning of experimentation. 
Che apparatus was a runway 48 in. long and 
44 in. wide with a starting box 8 in. long and 
6 in long and 8 in. 
wide high) and floor were 

}-in. plywood painted flat black and 
consisted of 


Subject 


colony 


wide and a goalbox 12 in 

Che walls (9 in 
made of 
the roof Plexiglas lids. 
lhere were two guillotine doors in the runway, 


hinged 
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one between the starting box and the runway 
and the other 6 in. from the end of the runway. 
A food cup 1 in. square and } in. deep was 
attached to the back wall of the 
3 in. above the floor Che interval 
required to traverse 46 in. of the runway was 
measured by a Standard Electric timer which 
was started by raising the starting box door 
and was stopped by a photocell located 2 in 
in front of the goalbox. The apparatus was 
illuminated by a 60-w. ceiling light 4 ft. above 
the center of the apparatus. 

Procedure.—The Ss were housed singly 
and were maintained on daily rations of 15 
gm. of mash (42% ground Purina laboratory 
chow, 14% flour, and 44% water by weight) 
with water always available. On acquisition 
days, Ss were fed 24 gm. of mash in the ap- 
paratus and 124 gm. in their home cages. 

During 10 days of habituation, Ss were 
handled, in groups of 4, for 10 min. per day 
In addition, on Days 8 and 9 of habituation, 
S was allowed to explore the starting box 
and runway and on Day 10, S was fed its 
daily ration in the goalbox with the goalbox 
door closed. At the end of habituation, Ss 
in each habituation group randomly 
assigned to a reinforcement schedule, one S 
per schedule. 

The four reinforcement 
(1) 5-5 continuous reinforcement, 5 units 
of reinforcement on all trials; (2) 8-2 varied 
magnitude reinforcement, 8 units on a random 
half of the trials and 2 units on the other 
half; (3) 9-1 magnitude reinforce- 
ment, 9 units of reinforcement on a ran- 
dom half of the trials and 1 unit on the 
other half; and, (4) 10-0 partial reinforce- 
ment, 10 units on a random half of the trials 
and no reinforcement on the other half 
A unit of reinforcement was .05 gm. of mash. 
For each S in the partial and varied rein- 
forcement groups, the sequence of 5 larger 
and 5 smaller reinforcements per 10 trials was 
determined randomly with the restriction of 
reinforcing the first trial of each day with the 
larger amount and of setting a limit of three 


goalbox 
time 


were 


schedules were: 


varied 


successive reinforcements of the same amount 
The Ss were given 40 acquisition trials, 
10 trials per day with an intertrial interval 





TRIALS 
30 40 20 30 


Mean running speed in 10-trial block 


for the various groups 


the torm 
of a single pellet of mash regardless of the 
number of units involved. On all trials, 

were removed from the ifter 


of 25 se Reinforcements were in 


goalbox 15 sec 
interrupting the photobeam 

On the day following the last acqui 
trial, Ss given 30 
trials with ; 
15-sec. 


were massed extinctio 


1 25-sec. intertrial interval and a 
goalbox 
failed to enter the 
it was removed from the apparatus and if such 
failures trials 
extinction was discontinued. 
and discontinued trials, 
regarded as 
latency as zero 


confinement period = Ss 
goalbox within 120 sec 

occurred on 5 consecutive 
lor no-response 
latency was 


and re Iproe il 


runway 
indeterminate 


RESULTS 


All runway latencies were converted 


into speed rec ipro al latenc \ meas- 


ures. The mean speed of the four 
groups on 10-trial blocks of acquisi- 


tion and extinction is shown in Fig. 1 


Table 1 presents a summary of the 


acquisition data for two overlapping 


rABLE 1 


ACQUISITION SPEED DATA 


Total Acquisition 


Group 


YAMAGUCHI 


| he 


total acquisition data are based on 


portions of acquisition training. 


each S’s mean speed on 40 trials and 
the terminal acquisition data on each 
S’s mean speed on the last 5 trials 
the total 
acquisition data revealed no signifi 
ir <3 Similar 
results were obtained in an evaluation 


An analysis of variance of 


cant differences 
of the terminal ac quisition data which, 


because of nonhomogeneity of vari- 


ance, were tested by a Kruskal-Wallis 
one-way analysis of variance (J7 = 2.53, 
Pr > ww 

[wo measures of extinction speed 


Table 2 Phe 


isure 15 


are summarized in 


mean extinction speed m« 


TABLE 2 


rINCTION SPEED DATA 


5 
g 
9 
10-0 


based on each S’s mean speed on 30 
extinction trials. ‘The median relative 
speed measure is similar to the extinc- 
tion measure used by Logan et al 

1956 
>. by 


median 


and was determined, for each 
the 
speed minus ter- 


computing ratio of (a 
extinction 
minal extinction speed (mean o 

terminal 


of last 5 


last 5 extinction trials) to (b 
acquisition speed (mean 

minus terminal 
An analysis of vari- 
the mean extinction speed 
data yielded an F 
2.5% level. Application of the Tukey 
test 1956) indicated a 
significant difference P 05) be 
tween the partial and the continuous 


acquisition trials 
extinction speed 
ance ol 


significant at the 
Snedec or, 
bet ween 


magnitude and the 
An analysis of the 


reinforcement and 
the 9-1 


continuous group. 


group 
varied 





CONTINUOUS, PARTIAI 
median relative speed data produced 
identical Kruskal-Wallis 
yielded a 
the 


results: a 
test of the four 
significant #1 P 
White 7° test significant 
differences between the 10-0 and 5—5 
groups (P 01) and between the 9-1 


and 5 


groups 


05 and 


reve iled 


5 groups (P 


Disct 


rhe ¢ 
stud ar 


obtained by 


acquisit 


theory (Logan et al., 1955 


different amounts of reinforcement pro 


duce different fractional anticipatory 


responses (r,s In varied magnituds 


reinforcement, the different r,’s compete 


and result in acompromise r, equivalent to 
the r,of the mean amount of reinforcement 
On the other hand, in partial reinforce 
ment, no small r, is produced to compete 


with the large one [heir theory, therefore, 


predicts that partial reinforcement should 


produce better acquisition performance 


than varied magnitude reinforcement. 
\lthough the results of a supplementary 
their this 
prediction | ult of a_ second 
1956) did not 


ymptoti 


group in study confirmed 


experiment 
In the latter experiment, the a 
speed of a 9-1 varied magnitude group 
was somewhat higher than that of a 9-0 


With this 
the 


partial reinforcement group 


result and the results of present 


study, it reasonable to conclude 
that 


continuous reiniorcement s¢ hedules pro 


secms 


partial, varied magnitude, and 
similar ac 
total amount of 
onstant rhis 
suggests that 


of the theory of Logan et al. 


duce quisition performance 


when reinforcement is 


held « 


ever, 


conclusion, how- 


some modification 
is necessary. 
simple alteration, 
that 


The adequacy ola 


such as the assumption partial 


reinforcement also produces a com 


remains an experimental 
The finding of 


Morgan, 


promis¢ og 
Leventhal, 
(1959) 


question. 


Morrell, and Perkins 


AND VARIED MAGNITUDE 


REINFORCEMENT 


that rats exhibit a preference lor 


reinforcement over continuous mean 


magnitude reinforcement if the reward 


not if it 


is small but ests 
that the 
} 


sugg 
amount ol reintorcement 
well 


must 


ve considered a is tne iriability 


of reinforcement 


SUMMARY 
Phe 


varied reinforce 
ind extinction « ru 


studied 


¢ 
tion 


with ir 


oupDs 
group 


Was give! e ol 


rOUT 
group 


forcement schedules 


forcemer! its on ill trials: 
magnitude, 8 units on a random | 
units on the remainder of the tr 
varied magnitude, 9 units on a 
other half 
‘ partial reinforceme 
random half of the trials and 


halt All Ss 


30 extine 


a d one unit o the 
ind, (d 
on the other wert 
acquisition and 
The Variou groups ext 
acquisition perlormat 
cantly different extinction effec 
ind the 9-1 v 


reinforcement 


groups were istant 
than the conti 

The theoretical 

na 
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ACQUISITION AND TRANSFER IN PATTERN-VS.- 


COMPONENT DISCRIMINATION 


W. K. 


ESTES! 


AND 


LEARNING 


B. L. HOPKINS 


Indiana University 


Common sense, fortified by a few 
experimental observations (Hull, 1943; 
Pavlov, 1927), would lead us to expect 
that learning to discriminate a stimu- 
lus pattern from one or more of its 
components should proceed in much 
the 


discriminate two entirely 


same manner as learning to 
dissimilar 
patterns. The discrimination of ab 
from a, say, should be no 
difficult than the discrimination of 
ab from cd. Contemporary statistical 
models for discrimination learning, 
in their simplest form (Burke & 
Estes, 1957), predict however, that 
learning should be more difficult in 
the former instance, and in fact that 
the limit of accuracy in discriminative 
performance should be 
lated to the 


(components) 


more 


inversely re- 
proportion of cues 
the 
discrimination. 


the 


common to two 


patterns undergoing 
In the 


expected asymptotic 


case of ab vs. a, e.g., 


probability of 
would be 


correct less 


than 


responding 
unity (only the 
patterns occurred equally often during 
the series of differentially reinforced 
training trials). 

We 


for human Ss, 


.625 if two 


doubt that at least 


and quite possibly for 


have no 


all animals that demonstrate discrimina 
tion learning at all, common sense is 
right and the 
Still, an analysis of the problem 


model is wrong on this 
point. 
in terms of the model raises a number 
of questions to which neither common 
the 


provides satisfactory 


literature 


Within 


sense nor experimental 


answers. 


' This paper was prepared while the first 
held a visiting appointment in the 
Department of Psychology, Northwestern 
University, Spring Quarter, 1959 


Luthor 


a pattern-vs.-component discrimination, 
how will learning proceed on the pattern 
and the 
rately? 


components considered sepa 
According to some current 
interpretations the attainment of 100% 
accuracy on discrimination problems 
involving overlapping stimuli depends 
upon the acquisition of an “observing 
" (Atkinson, 1958; Wyckofi 
1952) or the equivalent (Restle, 1955 

that is, 
and attend only to those that are unique 
to one or the other of the discriminative 
stimuli. 


respons¢ 


S learns to ignore common cues 


In the discrimination of ab vs 
a, S learns to respond to the ab pattern 
as a unit, in some sense, but during the 
should 
negative transfer effects from the pattern 


course of learning, he exhibit 
to the component and vice versa. An 
alternative that the 
responded to as a unit from the outset; 
if so 100% 


between ab 


view is pattern is 


then an asymptote of 
accuracy in discrimination 
and a can again be predicted, but there 
negative transfer effects 
One 


present study is to obtain quantitative 


should be no 


during learning purpose of the 
data on learning rates, asymptotes, and 


transfer effects which may be useful in 
evaluating these alternative interpreta 
tions. A second purpose has to do with 


some of the specific assumptions of 
statistical learning theory. 

Anticipating that the statistical model 
developed in relation to simpler learning 
(Burke & 1957) 
prove inadequate, we are interested in 
whether it 
to handle 
nent discrimination 


situations Estes, will 


seeing can be revised or 


extended pattern-vs.- compo 
The shortcomings 
of the model may lie either in the assump- 
tions or in the customary interpretations 
that 


the probability of a given response to any 


The principal assumptions are (a) 


element of a stimulating situation in 


creases by a linear transformation of its 
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previous value upon each reinforcement, 
and (b) that probability of a response toa 
stimulus compound is a weighted average 
constituent 


of its probabilities to the 


elements separately. These assumptions 
have accumulated considerable empirical 
support in a variety of contexts (Estes, 
1959). Consequently a natural strategy 
is to see whether a model embodying 
these assumptions may account for the 
problem at hand if we _ reinterpret 
appropriately the rules of correspondence 
model and terms 


between terms of the 


of the empirical situation 


the 
practice in previous applications of 


In partic ular, it has been 
the statistical model (e.g., Estes, 
Burke, Atkinson, & Frankmann, 1957; 
x hoeffler, 1954) to treat the stimulus 
the the 
ceptual counterparts of the separably 


elements of model as con- 
manipulable components of the stimu- 
In this interpreta- 
the 
would be 


lating situation. 


tion, Components @ and 6 in 


ab vs. a discrimination 
considered to represent stimulus ele- 
ments and the response probability 
to ab would be the average of the prob- 
abilities to a and } separately. Pos- 
sibly these identifications are wrong, 
and it is not the separate components 
that 


What, then, does act as an element? 


act as elements for the learner. 
Several possible answers are suggested 
by considerations arising from con- 
temporary learning theory. In a 
later section these will be summarized 


( he« ked 


In order to be 


out against data 


able 


possibilities, we 


and our 


to differentiate 


among these have 


included in our experimental design 


a number of tests on which compo- 


nents of discriminated 


previously 


patterns appear in new combinations 


3y giving such tests at both inter- 


mediate and terminal stages of learn 
ing, we may be able to determine 
prec isely what aspects ol the stimu- 


lating situation, if any, are acting as 


LEARNING 


rABLE 1 


PARADIGM FOR DISCRIMINATION 


stimulus elements in the sense re 


quired by statistical learning theory 


METHOD 


Subjects and apparatus. The 
students from undergraduate 
classes at Indiana University 

Four booths, sep irated by ply woot 
were located in the experime 
the 


mounted two 6-v 


a panel at front of 
pilot 
other and 6 in ipart, 
could be moved up or 
center position 

\ black screen Was positio ed a 
in front of the booths, 


of vision when they 


well within Ss’ line 


were seated in the booths 
was used to present stimulus 
The durations and 


\ slide projector 
higures on the scree 
intervals between presentations of the 

and the pilot itrolled 
programmer from a modified Esterline 
Angus Another Esterline-Angus 
recorder was used to record Ss’ lever response 


rhe 


various combinations of four 


lights were co 
made 
recorder 
shown on the screen 


1 
letters 


hgures 
Russian 
henceforth be designated 


which will 


and d, respectively. The letters 


r 
i 


projected 
on the screen as hgures in l 
appeared black against 
Experimental design 
training concurrently on two patter 
component discriminations according 
paradigm exhibited in Table 1 
hand column of the table 
reinforced in the 


stimulus patterns 


The right 
gives the re 

presence o I the 
shown in middle 


column. By “‘pattern’’ is denoted simply the 


complete stimulus figure shown 


whether it consists of one or more 
2? We are indebted to David I 

making the apparatus available t 

Marcia Johns for the use of 


iBe rye 


the slic 
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letters, 
the spatial positions of the two 


letter In the case of the double 


wb and cd, 
constituent letters were the same throughout 


training. Reinforcement of the upward or 


downward lever movement consisted in 


illumination of the upper or lower pilot light, 
directions of lever 


respectively The two 


movement were assigned randomly to the 


roles of ‘‘Response 1"’ and ‘‘Response 2”’ in 


the paradigm The reason for giving two 
concurrent problems was to prevent the num 
ber of letters per se from being differentially 
correlated with reinforcement of either 
response 

lest trials, given midway through training 
and again at the end, consisted in presenta 
tion of letter 
These were: all 12 ordered pairs, 19 triads 


and 6 permutations of all four letters 


a 
> 
+4 


different combinations 
Two 
random orders of the test patterns were used, 
one for 24 of the Ss and the second for the 
Since there 


remainder proved to be no 


noteworthy differences in results between 

these subgroups, their data will be pooled 
Procedure The Ss were 

booth, in full sets of four 


and E read the 


seated one to a 
so far as possible 


following instructions: 


I want to see how well you can do in a 
rather unusual problem situation. At the 
uu will see a figure 
\bout 
_ either the top or 


beginning of each trial y« 


on the screen for about two seconds 


2 sec. after you see a figur 


the bottom light in your booth will go or 
While the figure is being 
trial, you are to show whether you expect 
the top light or the bottom light to come « 
by pushing the black lever up or dov 

If you are not sure, guess 


shown on each 


Be sure to make 

your choice while the figure is visible. It is 

important that you push the lever up or 
each trial 

During the first few dozen trials, 

the upper or the lower light in your booth 

will flash to show 


down, never both, o 
either 
you which way was the 
correct response to the pattern shown on the 
Then we 
test trials on which neither of your booth 
lights will flash These test 


cluded to see if you car 


screen will begin having some 
trials are in 
keep up the same 
when you are not being 
right or 
sure to continue making 


level of accuracy 
told whether you are 
every trial. Be 
your best guess on every trial 


wrong on 


On each training trial, a pattern was pro 


jected on the screen for 2 se 


interval of 2 se 


there was an 
the pilot light cor- 
responding to the pattern shown was lighted 


for 2 sec.; then 


empty 


there was another empty 


ESTES AND 
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interval of 2 sec. before the next pattern was 


shown rhe order of the training patterns 


was randomized within successive cycles of 
8 trials 
1m luding each single letter once and each of 
the pairs ab and cd twice Test 


conducted just as 


a single order for all Ss), each cyel 
trials were 
the training trials except 
that the pilot-light interval was omitted \ 
session began with 8 cycles of training trials, 


then a block of 37 test trials, 8 more cycles 


of training trials ind a final block of 37 


test trial 


RESULTS AND DISCUSSION 


Rate and final level of dis 
learning \s anticipated, Ss 
100% 
criminative periormance by the end 
of the 


proportion of correct responses ove! 


were 


approaching accurat in dis- 


second training series. Phe 
the last cycle ol eight training trials 
was .94, and since it 
this undoubtedly 
have approximated 1.0 with sufficient 
additional training. 


was still rising, 
proportion would 
Considering re 
sponses to the single letters and the 
two-letter the 
proportions correct were .81 and .87, 
the end of the first 
and .92 and .96 at the 
Probably the 


comparison, equating for 


patterns separately, 
respectively, at 
training series 
the 


end of second 


best single 
number of reinforcements and avoid 
ing any complications due to for- 
the first 
the 


responses ove! 


getting Ove! series, iS 
that 


correct 


test 
between proportions ol 
the first eight 
stimulus; 
these values are .68 and .71 for the 
single and double stimuli, respectively 
Thus we find no shadow of evidence 


training trials on each 


that learning was slower on the two 
stimulus patterns than on the singles 
Transfer effects during discrimina 
tion learning.—lf transfer occurs from 
patterns to 
should 
ponents 
the response 


incorrect for 6 


components, then we 


expect more errors on Com- 


b and c than on a and d, 
correct for ab is 
the 


incorrect for c. 


since 
and 
correct for cd is 


response 
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the number 
of errors per S during learning on each 
vields 4.56 and 3.82 for 
b and c, 2.33 and 2.84 for a and d, 
respectively. Mean trials to the first 


correct response on each component 


( omputation ol mean 


component 


in each series exhibit exactly the same 
pattern. Apparently we 
clude that a 
pattern 


may cCon- 


response learned to a 
tends to transfer to constit- 
the 


appear alone. 


uents of pattern when they 


lransfer to 
lable 2 are 


three-letter 


new test patterns. In 
the 


patterns tested, the pro- 


assembled two and 
portion of ‘‘correct’’ responses to each, 
the 
whi h are h 


and number of observations on 
is based. In 
and bd, 
course 
the 
including 


both a and b, Response 1 is considered 


proportion 


the case of Test Patterns ac 
the correct 


1 and 2, 


patterns ol 


responses are ol 
respec tively For 
three letters 


correct, and for those including both 


c and d, Response 2 is considered 


correct. rhe patterns of tour letters 
vielded Response | proportions rang- 
ing from .42 to .49, dif- 
ferences among them bear no apparent 
the the 
they ire not reported 


and since 


relation to ordering of 
components, 
individually 


Che 


were 


] 


Training Patterns ab and cad 


included in each test series to 
the 
amount of retention loss during the 
In both test 


retention tests vielded decrements in 


provide a means of estimating 


test series. series these 


correct response proportions from 


the last training cycle. To quantify 


the decrement, we may assume that 


response probability on a test trial 


is a weighted average of the prob- 
ability at the 
the chance value 


and 
would obtain 
if forgetting were complete. Over 
the last the training 
series, the proportion correct was .84, 
the the 


end of 
that 


training 


cycle of first 


and proportion on test 


LEARNING 


PROPORTIONS OF CORRECT RESPONSES 


lest PATTERNS 


an, cd 

ha, d 

ac, bd 

ca, db 

abc, cab, bed, cdb 

bea, bac, bdc, dcb, « 

abd, dab, acd 

bda, bad, adb, dba 
dac, cad 


was .74 


cient of 


Letting r be ul 
and 


would be .5 if 


coetn- 
retention, issuming 
that test probability 
forgetting were complete, we can write 
74= .84r+.5(1—7r), 
the 
the 


r 6. 


vielding 7 for 


desired estimate Similarly, for 


second test 


series, 


test com- 
Table 2 


designed to differentiate between two 


The remaining types of 


binations shown in were 
interpretations which may for brevity 
be designated the component hvypoth- 
esis and the pattern hypothes 


tively, 


‘, respec - 
According to the former, the 
probability of a response to any given 
component should tend to approach 
the marginal relative frequency with 
which the response is reinforced ovet 
all training trials on which the 
component occurs, whether alone or in 
From lable 
that for 


Response 1 and Components a and 8, 


combination with others 


1 one can readily calculate 
these relative frequencies are 1.0 and 
.67, respectively, and similarly for 
Response 2 in relation to Components 
d and c, respectively. These are, then, 
the values which should be averaged 
in order to predict the 
probabilities olf correct responses on 
Test Pattern ba the 
predicted value is .5(1.0 + .67) .83, 


for ac (recalling that Response 1 is des- 


asymptotic 


test trials. For 
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THEORETICAL ASYMPTOTIC PROBABILITIES O} 
CORRECT RESPONSES TO TEST PATTERNS, 
CORRECTED FOR RETENTION Loss 


? 


ignated “‘correct’’) .5(1.0+.33 67, 


.33(1.0+.67+.33 .67, lor 


! 


for abc 


- 


abd .33(1.0+.67+0) =.55, and so on. 

According to the pattern hypoth- 
esis, the probability ol a response to 
any component or combinat on ol 
components should tend to approach 
the relative frequency with which the 
response is reinforced during training 
when that 
combination occurs as a 
Table 1 it is 
relative 


on trials component ot 
pattern. 
that 


Re- 


From apparent 


these frequencies for 
and Patterns a, 6, and ab 


are 1, 0, and 1, respectively, and it is 


sponse 1 


these values that should be averaged 
to predict correct proba- 
bilities to test patterns. For Test 
Pattern ba, the predicted value is .5, 
1.0; for abe it is .67 or 1.0 
and 6b 


separately or ab as a unitary pattern 


response 


ior ac 
depending on whether a 
take the role of elements in mediating 
the transfer, and similarly for abd it 
is either .33 or .5. 

If one of these 
substantially 


hypotheses is 
correct, then the effect 
of the two training series should be 
to move the test probabilities progres- 
sively away from the original chance 
level and toward the predicted asymp- 
totic values. It should be noted that 
the 
expected to 


in the present experiment test 


probabilit ies cannot be 


reach the appropriate asymptotic 


B. L. HOPKINS 


values, for discrimination training 


was terminated somewhat short of 
asymptote and also there was some 
retention the test 
Having available the results of 
retention with the 


patterns, we however, 


series. 
the 
training 


loss over 
tests 
can, correct 
the theoretical test probabilities ob- 
The 


r was found 


tained above for retention loss. 
“coefficient of retention” 
to be .7 and .6 for the first and second 
test series; the mean of these two 
values has been used in computing the 
corrected theoretical values shown in 
Table 3 (corrected 
rected value X .65 + 
brevity, the first 


tern’ in any 


value uncor- 
5 xX 25). For 
entry under ‘‘Pat- 
row of Table 2 is used 
to designate the 
of Table 3. Only 


in Table 3 since all three hypotheses 


corresponding row 


SiX rows are needed 


yield the same predictions for the 
third and fourth rows of Table 2. 
The labels ‘‘molecular”’ ‘‘molar”’ 
in the headings of the last two columns 
of Table 3 refer to the two forms of 
the pattern hypothesis; according to 
the former, a@ and b (or « 1) 


and 


and d 
separately should behave as elements 
in mediating transfer to test triads, 
whereas according to the latter the 
combination ab (or cd) should behave 
as an element. 

Consideration of the first two rows 
of Table 3 is sufficient to dispose of 
the 


component hypothesis. Com- 


paring these with the corresponding 


ba and ac rows of Table 2, we see that 
the test probabilities differ consider- 
ably from the predicted values on the 
first test and move further away on 
the second test in each instance. 

On the other hand, the data for 
the test pairs appear quite compatible 
with the pattern hypothesis. 
case the observed 


In each 
proportion moves 
substantially in the direction of the 
predicted the 
first and second test and is about as 


asymptote between 
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as could be 
expected, considering that the final 
level of 


close on the second test 
correct responding on the 
single letters during training was only 
92. On test triads of the type bca 
and bda, where members of a training 
pair do not appear in their original 
arrangement, predictions are again 
the both the 
pattern hypothesis. For the former, 
the observed values of .60 and .65 are 
the theoretical .61; 
for the latter, the first test result of 
47 is far but the second test 
result of .39 agrees with the common 
prediction. 


same tor versions of 


quite close to 
short 
*"mo- 


the 
pattern hypothesis, we must turn to 


To differentiate between the 


lecular’’ and “molar” forms of 


the remaining two test triads. In 
both observed 


the 


the case of type abc, 
fall 

values, 
first to 


he direction of 


between 
but the 


the second 


proportions two 


theoretical change 
from the 
distinctly in t 


“‘molar”’ 


test 1S 
the 
outcome In the case of 
type abd, the first test result agrees 
well with the ‘“‘molecular”’ prediction ; 
the change from the first to the second 
“molar” 
is small and 


test is in the direction of the 
but the shift 
does not approach statistical signifi- 
(SE, 04 on each 
\pparently in these ambiguous cases 
either a the 
combination ab be responded 


outcome, 


cance test). 


and b separately or 
may 
to as units, but the likelihood of the 
latter result 
lormer as 


increases relative to the 
The 
change 
between first and second tests for the 


training progresses. 


difference in amounts of 
triads abc and abd is quite in line with 
this interpretation. For Ss who had 
not mastered the discrimination at 
the the and who 
thus still had chance probabilities of 


time of first test, 
correct response to some or all of the 
training stimuli, continued learning 


relative either to the separate compo- 


LEARNING 


nents or to the 


two-letter pattern 
would lead to further increase in the 
probability of 
Test the case of 
abd, however, learning relative to the 


correct response to 


Pattern abc. In 
separate components would tend to 
move the test probability downward 
the ‘molecular’ 


while learning relative to P 


toward asymptote 


ittern ab 
would tend to hold the test probability 
at 33 


It should be remarked that our data 


provide no grounds for assuming that 
the test probabilities sper ified by the 
“molar” form of the pattern hypoth- 
esis would in all cases be reached with 
sufficient training. Asymptotic prob- 
abilities of response to ambiguous test 
patterns may well depend on_ the 
relative frequencies with which the 
various during 


subpatterns occu! 


training 

Witl 
statistical 
both 


etlects 


Theoretical im plicatio» 


to the 


respect 


two assumptions of 


learning theory mentioned earlier 


the “linear operator’’ representing 
of reinforcement and the “averaging 


rule’ for response to new stimulus 


compounds receive quantitative 


firmation, once it has 


con 
been determined 
precisely what aspects of the stimulating 


] 


situation function as “‘elements’’ under 


the type of experimental arrangement 
used in this study. These assumptions 
appropriately interpreted, apparently ac 

count for the discrimination asymptotes 
the relative rates of learning on patterns 
and 
of response 


probabilities 
One 


and the 


to test 


components, 
patterns. 
qualification needs emphasis, however 

In previously published applications 
of the theory to discrimination learning 
(e.g., Burke & Estes, 1957; Estes et al., 
1957), it has been 


probability p, 


assumed that the 
of response 7 to stimulus 
component / changes in accordance with 
the function 


Pris 


(O<@s 1 upon eacl 


response 7 is reinforced in 
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ol component / whether h occurs alone 


with other 


etiects 


combination 
Che 


learning 


or in compo 


nents. transfer observed 


indicate this as 


hold 


discrimination 


during 


sumption may during the earlier 


part of raining even 


in the situation 
But 


by virtue of 


pattern-vs.-component 


once 1 has been conditioned to / 


reinforcement on trials 
involving hk alone as the. stimulus 
pattern, the probal y of response 1 to 


reintorcement 


| 
h alone is unaffected by the 


of other responses on later trials when 


h occurs as a component of a larger 


pattern 


SUMMARY 
lrai lng Was given I rre 
two problems requit liscrimination 
stimulus patterns subpatter 
Midway through the learni ind 
at the 


given with new compounds of the 


end, nonreinforced trials were 
training 
stimull 

During the learning the probability 
of a given response to any mulus patter 
found to approach the 
had 


stimulus 


or subpattern was 


relative frequency with which it been 


reinforced in the presence of that 
Results of the test trials support the 
that 


compou id is 


alone 


assumption probability of a 


to a novel 


respol ( 
i weighted mean of 
constituents. Wher 


none 


its probabilities to the 


the test compound is unambiguous, i 


of the training patter ippears in it intact 


the response probability is simply the arith 


metic mean of the component pro lities 


AND 


B. L. HOPKINS 


When the test compound is ambiguous, 


one of the training patterns appears as a 


component ol the test compound, Ss may 


respond either to the training pattern of 


to its subpatterns as units, the pattern 


apparently becoming in reasingly dominant 


over its constituents as training progresses 
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CONCEPT 
AND 


WILLIAM | 


In psy holog. : the phr ise “concept 


formation” has been used typically 


to refer to behavior reflecting a 


categorization or classification process 
characterized by a) identical re 


sponses given to a variety of stimuli 


which are alike or similar in some 


dif- 
ferent responses given to stimuli which 


features or attributes and (bd) 


are dissimilar in one or more crucial 


respects. Laboratory investigations 


formation usually have 


the 


ol concept 


involved simultaneous learning 
of several mutually exclusive concepts 
by requiring S to sort a large array 


of stimuli into a few categories on 
the basis of similarities and differences 
among them. One example ol a 
relatively 
this identifica 
tion” task (Archer, Bourne, & Brown, 


1955) which has bee 


standardized procedure ol 
type 1s the “concept 
n used to demon- 
strate the effects of several important 
variables and has, in addition, formed 
the basis for the extension of a 


mathematical theory of discrimina- 


tion learning to concept formation 


Bourne & Restle, 1959) 
One shortcoming of the 


task, 


com ept 


identification and of many 


other procedures used in experiments 
purportedly 


concerned with con ept 


formation, is that in a real sense they 

lhis searcn i ‘ irried out it the 
University of | upported in part 
research grant M-1759) from the 
National Institute of Mental Health, United 
States Public Health Service 


author as principal investigator The authors 


DY i 


with the second 


contributions of 


Haygood, 


wish to acknowledge the 
R. C. Manion and R. ( 
issisted in the collectior 
data 


who 


ind analysis of the 


IDENTIFICATION AS A FUNG 
INTERDIMENSIONAL VARIABILITY! 


BATTIG AND 


TION OF INTRA 


LYLE E. BOURNI 


do not require that concepts be 


the 
stimuli to be classified with the same 


formed. This is because all of 


response are identical with respect 


to the crucial or relevant character- 


istics. For example, if the concept 
is “red,’’ all stimuli are exactly the 
same red, or if “triangle,”’ all stimuli 
are triangles of identical shape \s 
a result, the task can be learned is 
the same way as any discrimination 
differing 
dithculty of findi 
basis for the 


learning problem, 
the greater 
discrimination 
le irned 


classification of stimuli which are not 


criminations to be 


identical in any way, but only similar, 


as is characteristic of most concepts, 


is for the most part ibsent from these 


tasks In fact, an effort is typi ills 


made to select dimensions which do 
not interact with eat h other, 1 order 


to further reduce variation 


nature. 
The present experiment represents 
an attempt to incorporate mit the 


concept identification task variations 
ol an intradimensional nature, so th it, 
for example, the concept 


different 


“red” repre- 


sents degrees or shades ol 


red instead of just a single red Task 
complexity was varied systematically 
in terms of the extent of intradimen- 
sional differences as 


well as inter 


dimensional variation number ol 
irrelevant dimensions) which has bee: 
investigated in 


1957; 


thoroughly previous 
Bourne w 


Che results permit 


studies (Bourne, 
Haygood, 1959) 
a comparison ol the two methods 
of varying task complexity and _ the 


determination of any interaction be- 


329 
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rABI 


DESCRIPTION X PERIMENT 


them. 
vide the basis for a possible extension 
the 


model. 


ween In addition, they pro- 


of Bourne-Restle mathematical 


METHOD 
lil The 


used 


dentical 
concept 


ipparatus was 
of 
de scribed in 
1957 Geometric 


in previous studies 


has been 


Bourne, 


identification, and 


detail elsewhere 
stimulus patterns were projec ted on a screen 
in front of S who responde d under co npletely 
conditions by one of four 


buttons on 


self-paced pressing 


1 response panel \ noncorrec- 
was used such that, immedi 
the light cor- 
ig » correct button the 
inel lighted for 1 and 
was followed sec. later by the presentation 
of 


tion procedure 


tely following S’s response, 


respondi on 


response p sec 


a new stimulus pattern. The S’s responses 


were recorded a lly on an Esterline- 
Angu 
response tor ¢€ ch pattern 
Design a ee 
employed representing all 
of 
variabil 
and 
variability (2, 4, o1 


ot 


itomati 


operations recorder was the correct 


factorial design was 
possible combina 
interdimensional 


tions three condition 


ity (1, 2,a S irt in 
ot 


6 differe: 


t dimensions 


three conditions intradimensional 
t stimulus values 
irrelevant 
of the 
nsions and a verbal des ription 

lues within each dimension 
of intra 


lable 1 


table refer 


each the relevant and 


The precise nature 


under the conditions 


dit 
N 


ensional variability are given 


this 


in 


— 
erical irements in 


AND 


LYLE E. BOURNE, JR 


4L CONDITIONS AND DESIGN 


| OBTé 


angle 


to the size and position ot 
front of S 
lable 1, f 


dimensions 


on the screen in 
\s 


were 


dth 
condi 
from 
narrow 


indicated 
the 


in 
relev int lor 
that the 
to right ilways corresponded to 
triangles, narrow quadrangles, wide triangles, 
les Color 

all 


conditions, position was irrelevant for condi 


tions, so four response keys 
, 
eft 


respec tively 


int 


and wide quadrang 


was used as an dimension for 


tions involving two or three irrelevant 


ind 


for conditior il 


dimensions, stripes were irrelevant 


ivolving three irrelevant 
dimensions 

Intradime 
lated either 


stimulus 


iability was 
he 


dime 


manipu 
number 

the nsions 1 
volved width and position 
stimulus values 

dimension, a 
In the 


stimulus 


ie different but related 
former 


ilue 


tively 


with iorn color 


] 


litions were rela 


although readily dis 
criminable by S 
| for the 4 
direction of a 

of the 
thereby 1 


perceptu il 


5S mil if 


presumably 
ind that the added stimulus 
values ind 6-value conditions varied 
the 


stimuli 


in greater difference from 
other 


response category 


linimizing any ettect reduced 


ol 


discriminability between cate 
the of higher 


mensional variability. By using two different 


gories in conditions intradi 
sy 


bases for introducing intradimensional vari- 


ability, each of which was represented within 
dimensions, it wa 
ould 


way tha 


irrelevant 
ol 


more 


relevant and 


hoped that the effects this variable 


be explored in a general 





CONCEPT 


would have been possible if only one method 
had been used. 

Subjects and procedure The Ss were 90 
college students, each of whom was assigned 
unsystematically to one of nine equal-sized 
combinations of 
the three conditions each of intra- and inter- 
All Os served 
individually and were presented at the outset 
with detailed 
nature of a 


groups, representing all 


dimensional variability 


instructions describing the 
concept, the operation of the 
controls, and the meaning of the signal lamps 
[The different dimensions and _ the 
ilues within each dimension were described 
in detail and illustrated by 
\ll Ss were provided with slips 
is and the 
withi each 


pt ssible 


sample stimulus 
patterns 
dimensiot 


listing the five 


of paper 
possible stimulus values 
dimension, similar to the infort 


lable 1 


to the response panel and 


l lation con 
tained in These were placed next 
ivailable to S for 
ispection throughout the experiment 

\ separate 
patter 


stripfilm consisting ol 

was. prepared for each of the 1 
experimental conditions, but all were con 
possible wit! 
the values taken b the relevant and irrele 


parable insofar respect to 


vant dimensions at corresponding 
d the 


l l those ct 


positions 


within the series a: sequence ol correct 
iditions of low 
different 


ipt wa 


responses 
complexit where ss th 256 
made 


patterns were po bl itter 


3 Irrel. Di 
A PF re m 


= 





ORS 


ao 
2 


Irrel 


irre 


uw 
~ 


MEAN ERR( 





d_}___;___ 


INTRADIMENSIONAL VARIABILITY 
(NUMBER OF LEVELS WITHIN EACH DIMENSION) 
ic. 1 Mean number of trials (A 
nean number of errors (B) as functions 
intra- and interdimensional variability. Eac 
plotted point represents the data from 10 Ss 


IDENTIFICATION 


rABLE 


VARIANCE O1 
AND [TRIALS 


ANALYSIS O1 


Interdimensional 
variability 
| inear 
Quadratic 
Intradimensional 
variability 
| inear 
Quadrati 
iteraction 
(Inter. X Int 
Linear X Linear 
Residual 


rror 


*P = OS 
- Pp 01 


to equate the number 
occurred The V 
when S had either made 16 correct 


experiment 


comple ted the 
without re 


in succession, or had 


sequence of 256 patter: 


this criterion 
RESULTS 
Che 
Fig. 1, 


number of errors (Fig 


irized 
both mear 


1B d mea 


al 
] 
hi 


results are 


sum 
which presents 
trial number on which the 
1A) for each of the 
nine experimental conditions Both 


creas 


ist erro! 


was made (Fig 


dependent variables show an 


as either intra- or interdimensional 


variability is increased, with a 
etiect ol 
dimensional variability 
level of interdimensional variability, 
particularly for the errors measure. 
Both measures were subjected to 
analysis of variance, summarized in 
Table 2, which that the 
trends suggested by Fig. 1 are all 
highly 
dimensional 


sug 


gestion of a greater intra- 


at the highest 


indicated 


significant. Increased inter- 


variability produces a 
both 


show n by the 


consistent increment in errors 


ind trials, as highly 


significant linear component in each 


case. That the major part of the 
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change occurs between two and three 


irrelevant dimensions is suggested 
by the fact that the quadratic com po- 
nent approaches significance, particu- 
the Che 


curve describing the effect of intra- 


larly for errors measure. 
dimensional variability is almost com- 
pletely linear, since the linear compo- 
nent is only significant 
but 99.9°% of 


the variance due to intradimensional 


highly 
over 


not 


accounts tor 


variability in both measures 
Che 


sional variability 


interdimen- 
than that 
variability 
the 
the trials measure. 


variance due to 
is greatet 
due to intradimensional 


for the errors measure, while 
reverse is true for 


rhe 


the two measures lies in 


only other difference between 
the presence 
of a significant Linear & Linear com 
the the 


measure, signifi- 


ponent in interaction for 


errors which is not 


cant for trials his is attributable 
to the 
the in 


tion with increasing interdimensional 


linear increase in slope of 


tradimensional variability func- 
variability, as can observed in 
Fig. 1B. 


nent approaches significance for either 


No other interaction compo 


measure, 

Curves presenting the mean number 
block of 16 trials 
were also plotted, and showed that 
the effect of both 
highly 


of errors for each 
variables remains 


consistent through practice 
Because these curves indicated nothing 
essentially different from the overall 
measures, they have not been presented 
here. 

DISCUSSION 


The effects of interdimension: 
ability correspond closely to the 
Journe, 


of previous studies 


Bourne & Haygood, 1959), and indicate 


that the functional relationship observed 


in these studies also is found under the 


complex conditions produced by 


more 
increasing intradimensional variability 


The 


intradimensional 


in errors with increasing 
found 


a straight 


increas¢ 
variability was 


to correspond very closely to 


AND 


LYLE E. BOURNE, JR 


line function, at least within the re 


stricted range of conditions employed 
in this experiment. Because the methods 
of producing intradimensional variability 
and 


largely intuitive in 


differed 


were nature, 


somewhat for the various di 
mensions, further generalization beyond 
the conditions necessarily 


present must 


proceed with extreme caution In order 
to get a rough indication of the effects 
of intradimensional variability on stim 
ulus discriminability, absolute judgments 
were obtained from 24 Ss, most of whom 
had previously served in the experiment 
proper, for each of the five dimensions 
ot 60 


highest complexity 


stimulus patterns used in the 


condition (3 irrel 


vant dimensions, 6 values within each 


dimension) These results indicated 


that the dimensions did differ consider 


ably in intradimensional discriminability 


ranging from 7% errors on the stripes 


dimension to 33% errors on width 
Insofar as these errors represented con 
categories €.f.. be 


fusions between 


tween patterns to be 
differently), the 


it al for 


responded to 
differences become crit 
interpretation of 
The 
errors for each dimension, given 


last Table 1, do not 


Various 


present 


results percentages of between 


in the column of 
differ 


sions Phe 


markedly for the dimen 


sizeable discrepancy 
dimension, 


here concert stripes 


whi had the fewest total errors, 
ranked second only to width in betwéen 
total being 


that the 


errors, 68° of its 
This 


variation in number of stripes may have 


category 
of this type suggests 
been more apparent than the horizontal 
vertical distinction within this particular 
dimension. These unique characteristics 
of the stripes dimension may be partiall; 
of the 
irrelevant 
this 


responsible for the eater slope 


curves in Fig. 1 for three 


dimensions nce stripes varied in 
condition of interdimensional variability 
only 

In the light of the pre eding discussion 
any attempt to use the present data to 
theoretical model is 


extend or test a 


tenuous, and only a tentative suggestion 
as to the theoretical impli ations of the 
justified \ 


with increasing intradimen 


results can be decline in 


performance 





PT IDENTIFICATION 


sional variabilits consistent MMARY 
however with any number of existing 
exampl to classify geometri 


theoretical structures } YT 
it could readily be accounted for in terms four categories b 
f a generalizatior nework e.g 


Gibson, 1940), o1 

distinctiveness at 

Dollard & Mi 
1949 
Phe 


rrated iI 


pt of acquired gated 
the cor if | 


experime 


it conce | 
Bourne and 
determined 


total cues 11 


j 1959, 66, 
]., & MILLER 


nd pb hot} 


Hill, 1950 


GIBSON, I 
concept 
I mm 


1940, 47, 196 


63, 81 


1 Marcl 
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AN ALTERNATIVE CRITERION FOR THE ELIMINATION OF 


“VOLUNTARY” 


RESPONSES IN 


EYELID 


CONDITIONING ! 


THOMAS F. HARTMAN 


University of Wi 


A study by Spence and Ross (1959) 
demonstrated that the use of a latency 
criterion is effective in eliminating 
“voluntary” 
eyelid conditioning data. 


form responses {trom 
Chere is, 
however, no evidence concerning the 
this under 
different experimental conditions. It 
would appear that any variable affect- 


ing the latency distribution of volun- 


usefulness of criterion 


tary form responses would also affect 
the usefulness of the latency. criterion 
in eliminating these responses. Thus 
the 


inappropriate for studies employing 


latency criterion might well be 
experimental conditions differing from 
those of the Spence and Ross study. 

The purpose of the present experi- 
ment was to investigate the applica- 
bility of data 
obtained under the experimental con- 
ditions typically the 


Wisconsin laboratory, conditions that 


latency criteria to 


employed in 


differ in several respects Irom those 
of the Spence and Ross experiment 
A further purpose of the present study 
was to,determine the usefulness of an 
alternative eliminating 


criterion for 


voluntary form responses. 
METHOD 


Phe S$ 


irom an 


were 12 im 
introductory psy 

1 This research. was supported in part b 
the National Science Foundation and in part 
by the Research Committee of the Graduat 
School of the University of Wisconsin 
funds from the Wisconsin Alumni 
Foundation. The authors would like to than! 
David A. Grant for the 
in the study. 


with 


Research 


use of his equipment 


AND LEONARD E 


ROSS 


consin 


course One S who adapted to the U¢ 
during the experiment was discarded 

A pparatus.—The 
essentially that described by 
Grant (1960 The CS 
increase in brightness of a 10 cm 
disk Ambient 
approximately 1.0 mL. CS duration 
700 The UCS occurred 540 
following the onset of the CS and was of 200 
Che the 
regulated by a 


apparatus used was 
Hartman and 
was an .8 mil 
milk glass 
room illumination was 
Was 
msec msec 
intensity of 
150-mm 


msec. duration pult 


was column | 
mercury (2.9 psi 

Procedure All Ss received 60 acquisitio 
trials. The intertrial interval varied betwee 
20 and 40 se« and the 
trials were programed by means of a Wester 
transmitter No ready 


rhe recording equipment incor 


with a mean of 30 sex 


Union tape signal 
was used 
porated differentiators so as to give a record 
first time derivative of the eyelid’s 


h id 


pe ce 


ing of the 


movement Two judges, one of whom 
classified 
(1959 


fied each response which preceded the UCS 


similarly responses in the 


and Ross study, independently classi 
as being a conditioned response (C), a volur 


tary response (V), or questionable (? rhe 
that used in the 


Spence and Ross study were used in assigning 


same form criteria were 


a response to one ol the three categories In 
terms of combined judgments there were six 
VV, CC, V?, CP, 2?, and 


and derivative measurement 


possible categories: 
VC. Latency 


were made by another person 


RESULTS AND DISCUSSION 


Figure 1 presents the latency dis- 
tributions for responses judged as 
VVs, V?s, ??s, C?s, and CCs. W 


these distributions are compared with 


11) 


the Spence and Ross data it appears 


that a 
voluntary 


the 
occurred 
the 
tions of the present study In 


greater proportion of 


form responses 
( ondi 


this 
noted that onl 


at long latencies under 


respect it should be 
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1% of the 


present 


V\ responses ol 

study fell in the 
interval while this 
contained 83% of the VV responses 
obtained in the Spence and Ross 
Also, while the Spence 
and Ross study found very few VV 
form 400 
the onset of the air puff there was a 
substantial VV form re- 
sponses in this interval in the present 
experiment. 


the 
200—300 


msec. interval 


experiment. 


responses irom msec. to 


number of 
When the percentage of responses 


in each 
with 


classification is compared 
percentage in the 
Spence and Ross study close agree- 
ment 


the similar 


is found. 
the 


For each classifica- 


tion first 


percentage presented 
below is that of the present experi- 


ment, the second that found in the 
Spence and Ross study: VV's 29.9, 
27.1: V2’s, 7.5, 8.6: ?2?’s 13.5, 5.5: 
C?’s 11.6, 13.9: CC’s 36.9, 44.3: and 
Cre @,. S. 

The finding of more voluntary form 
responses at the 
a latency 


long latencies in 
present study suggests that 
criterion would less 
with than it 
was found to be in the Spence and 


Ross study. 


probably be 


satistactory these data 


The procedure used to 
investigate thrs possibility was iden- 


tical to that 


Ross to determine 


used by 
the effects ol 
applying a latency criterion to their 


Spence and 


RE 


OF 


NUMBER 


IN MILLISECONDS 
Fic. 1 


each 


lotal 


judgment ‘ 


number of responses 
itegory is a tunction 
respu « late 


Perce 


category 


Fic. 2. 
igment 
of two 


used to define ; 


latency 


data, and involved discarding 
using criteria from 90% ‘ 
10% steps. That is, 

carded if 90% or 


more of thei 


responses met the latency 


criterion, 
80% or more, et 
the 


each ¢ itegory 


to 10% or more, 
and percentage ol 
that 


each of 


responses in 
would be elimi- 


nated for these criteria 


percentages was computed. Each 
graph thus presents the percentage 


of responses in each « 


iteyory elimi- 
nated as a function of the percentage 
of the total 


must meet 


that 
criterion (or 


responses ol an O 
the latency 
that graph) in order for the S to be 
discarded. 

When the resulting graphs (Fig. 2 
are compared with the similar graph 
from the Spence and Ross study it is 
evident that criteria are less 
effective when used with the data of 
the present study. 


latency 


This is espec ially 
true of the comparable 150--300 msec. 
latency criterion.2 While the 150-400 

7A 150 in the 


present experiment rather than 200-300 msec 
since Spence 


] 


300 msec. criterion was used 


and Ross found some voluntary 
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OF RESPONSES 


NUMBER 


msec. criterion is more satis ictory, 


it results in the elimination of large 


percentages of ?? and C? responses 
whi h is probably not desirable. 
Since the 


criteria used to identify 


one of principle form 
a response as 
voluntary is a sharp smooth closure, 
the 


feasibility of using the slope of the 


it was decided to determine 
closure as the criterion, independently 
Since 
the eyelid apparatus used gave a de 


the 


of the latency of the response. 
rivative record as well as ictual 


response form record, an objective 
measure of the slope of each response 
was available in terms of the ampli- 
tude of the derivative record for the 


response. 


Accordingly, the derivative ampli 


responses in the 180-200 msec. interval and 
appeared that 150-300 


might be more effective \ 150-350 mse 


therefore it msec 


latency criterion was also tried, but did not 
satisfactory as the 150-400 n 


presel ted 


prove as 


criterion 


HARTMAN AND LEONARD I] 


ROSS 


tude ol eac h response Was compared 
to the 
obtained for 


mean derivative amplitude 
the S on the first five 
unconditioned responses to the UCS, 
thereof. In 


responses in 


or available fraction 


Fig. 3 the number of 
the categories are shown as a function 
of the percentage of the mean UCR 
derivative amplitude. From the graph 
that 
mately 40% should be most effective 


it appears a cutoft ot approxi 

form 
the percentage ol 
and C( 


derivative 


in eliminating \ 
Curves showing 
v5. wr, ty 8 
eliminated by 
40% and 35% 
Similar to 


responses 


responses 
criteria ol 
are presented in Fig, 2 
the 


criteria, 


pro edure used for 


latency any response whose 
derivative amplitude was equal to or 
greater than the criterion percentage 
was counted as a voluntary response 
and the graphs show, as in the latenc 
criteria vr iphs, the percentage ol the 
Various ¢ lasses of responses eliminated 
as a function of the percentage of the 
total responses of an S that must meet 
the data 
\ 459 

tried 
since the results were essential, 


as with the 40% criterion 


the derivative criterion for 
for that S to be 
derivative 
but 


the same 


cise irded 


criterion was also 


the graph is not shown 


It is evident that the use of 


tive 


1 


nan a ‘ ne 


slope criterion is 


criterion inder 


of the rresel 


experimental’ conditions { 


tudy, and is be preferred under these 
is considered desirable 
oluntary-form 
from the data. It should be 


a 150-400 msec 


conditions if it 
to eliminate response 
, 


noted that 


latency criterion elimi 
considerably gre percentage 
judged V? ??, and ( 
eliminated by derivative 
100, 


result in a 


responses 
an are 
criteria. sjoth the 35% and 
derivative criteria appear to 
voluntary 
“cost” of ( 


The use of a 35° 


satisfactory elimination § of 


responses at a reasonable 
form 


derivative with a 40% or 50% S criterion 


responses / 
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ild appear to I a reasonable com 


promise If a more or a less severe 


elimination is desired it can easily be 
obtained by the choice 


ised to identify Ss 


ol the criterion per- 


centage as voluntar' 


From observing Ss in the conditioni 
and 
well 


few 


situation under ready signal 


ready signal conditions as 


the records of 


it appeared 


examining 
instructed to blink 
1 read\ signal 
due to l 


attentional tactors le presence 


r absence of a ignal was a major 


factor in determining the latency 


the present 


pence and Ross 


mber ol aspects 


id) signal 


adaptation con and inter 
latencies of the 


rial interval), th 
stud nnot be attributed to a 


present 

vasis of the a from 

eftiort 
oO some 
different 


t¢ 


udy by 
1960 
differ 
Bove 
lationship 
classified 
nse torn 
five CS 
lansche, 
1 7OO m 
tribution o 
to make 


| 1 
MInKINY 


to bli 
been found 
dark adapted and hig! 


instructed 
CS have similar 
illumina 
data of 


do 


might 


under 


tion conditions, and while the 


under these instructions 


that 


some SS 


indicate intertrial interval 


have an effect under no-ready-signal 


conditions, the data do not uggest 


that intertrial interval was an important 


factor in producing the voluntar ré 


eng 


differences | 
should be 
has fe 1 


to be satistactory 


latency con 


It also 


sponse 


sidered pointed out 


that the Iowa laborator\ the 
latency criterion with 


a wide range of puff intensities and pull 
both and 


the latency of 


durations with men women, 


indicating that voluntar 


responses has be en to ind to he 
invariant under these 
Although the 


stematic 


relativel 
conditions 
analyses mentioned above 
numbers 


ind small 


the 


yme cases 


igge Stilo! 


l 
] 
! 


is Of primary 


producing differences i 


we might expect the 
latency t 
variables that 


reaction tin 


response 
; 1 
nave 
it is interesting that 

an important 


Wood 


been de monstrated 
variable in reac 

worth, 1938, p 
the intertrial 
period undet 
and the 
to be the 
is employed 


should 


tore}t 
conditions 


resu 


would be 


ind longer (less 
of the no read) 
It would 


data 


signal condition 

seem unwise 1n 

obtained in tl 
a voluntar\ 

data collec ted 

ditions varving 

those for whi 

demonstrated 

criterion 


practice ol using a 


no ready signal is emplo\ would ; 


especially questi nabl 


MMARY 
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of latency criteria in eliminating voluntary 
form responses from eyelid conditioning data 
obtained under experimental conditions dif- 
fering from those of a study which demon- 
strated the usefulness of a latency criterion 

The results indicated that latency criteria 
were inappropriate under the experimental 
conditions of the present study due to the 
distribution of voluntary response latencies, 
but that a criterion involving the slope of 
closure (time derivative amplitude) was a 
satisfactory substitute 

It was suggested that the principal factor 
producing the differences in the 
response distributions of 


voluntary 

the 
studies was the presence or absence of a ready 
signal preceding each trial rhe 


latency two 


present 


study did not employ such a warning signal 
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SECONDARY 


REINFORCEMENT 


BASED ON STIMULUS- 


CHANGE PRIMARY REINFORCEMENT 


ROBERTS, KENNETH E 


LEBOW 


ROBERT M. YODER 


AND 


Colorado College 


In recent years many investigators 
have been demonstrating that stimu 
lus « hanges not clearly correlated with 
drive operations and not previously 
paired with drive-correlated _ rein- 
forcers have at least two of the prop- 

Their 
strength 
with- 


reinforcers. 
the 
and 


erties of primary 
presentation imcreases 
of preceding 
holding them 
Seward (1942), 


Ss from a response chamber following 
“4 


responses 
produces extinction. 
for example, removed 
a response and Lawson and Dawson 
(1957) 1958) removed 


the around Ss. All 


studies produced evidence of learning 


and Gentry 


chamber from 
of the response prec eding these opera- 
tions although the learning was not 
as strong as when food pellets followed 
the response (e.g., Lawson & Dawson, 
1957). 
stimulus events as light onset (Marx, 
Henderson, & Roberts, 1955: Roberts, 
Marx, & Collier, 1958), click 
(Barnes & Kish, 1961), and a view of 
a monkey colony (Butler, 1953), with 
In spite of the lack 
experimental compari- 


Other workers have used such 


onset 


the same results 
ol systemat 
sons of strength between these types 
of reinforcers and food and water for 
a given species, some writers have 
referred to the former examples as 
low-efficacy primary reinforcers (e.g., 
Kling, Horowitz, & Delhagen, 1956). 

The 


weak 
traditionally 


question arises whether any 
have a third 
attributed to 


that on 


such reinforcers 
property 
primary reinforcers, viz., 
their basis one may make of a so-called 
‘“‘neutral’’ stimulus a secondary rein- 


forcer (S"), by pairing it with a known 


' Now at the | of Massachusett 


iversit\ 


primary reimtorcer appropriate 


ways. 


The primary purpose of the present 


experiments was to determine whether 


such stimulus-change primary rein- 
could 
The 
fact that such stimuli as light onsets 


clicks 


“intrinsic” 


forcers as mentioned above 


perform this St-making function. 
and have now been shown to 
reinforcing 


the 


have proper- 


ties alters neither probability 


that 
they do have may be 


what basi reimiorcing power 


enh ini ed by 
pairing’ them with presumably more 
powerful primary reinforcers such as 
food and water, nor the possibility 
that a secondary reinforcer is typically 
a weak primary reinforcer whose effec- 
been enhanced through 


tiveness has 


pairing with a stimulus which has a 
more powerful reinfor« ing efiect. 
An efficacy 


as vet lac king. 


scale of reinforcers is 
Therefore, for present 
purposes, we supposed that the yross 
and abrupt removal of a response box 
from around Ss as shown by L: 
(1957) 


more effective 


iwson 


and Dawson and Gentry 


(1958) is a reinforcer 
ol a preceding response than a simple 
increase in illumination (light onset), 
and that 


effective 


pellets are in turn 
than 
Consequently, in the pres- 
predicted that 
with 


food 


more reinforcers box 
removals. 
ent experiments, we 
if we paired light 


onsets box 


removals according to typical, maga- 
zine-training procedures as used in 
S's, then light 


history 


the establishment of 


onset with such a would 
reinforce an 
light 


history. 


subsequently operant 


more effectively than onset 


without such Finally, 





careful assistance of the 


340 ROBI 
we predicted that light onsets paired 
with food pellets would become a more 
powertul S* than ligh 
with box removals 


t onsets paired 


EXPERIMENT [? 


] 


were 40 Lit 


180 da 


i1ve 1 
150 ys at the start 
of experimen " Each S lived throughout 
the experiment in a 93 X in. Wahman 
Che Ss 10-12 of 

lab chow in pellet form 30 min. after 

ils but had free 
at all times except while 


ental 


were gm 


» end of daily tri cess 


to 


iter exper! 


the 
ipparatus 
t Phe ipparatus 
high and 
ted ick 

ich 
d 124 
\ll boxes 
bar 


tops ol 


l, retaining 
lywood \ 
: = 
lo the center 
uch that a 
pulle vs could 


of the 


cross 


ittached 
ceiling 
smaller boxes out 
The fe 


eter 


eously 
diat 
Fror 


] 


box 
ip ol 
thi cup 
iets could be dropped, 
\ll boxes had a , 
rtica t one side 
the bottom of the bi 
OOt | he fourth box 
i lever could be 


were 


1 food pel 


the 


box 


inserted 
mounted on the 
nd the 

slipped into a beari: g 
1 desired. Le 
Veeder 
other 


less chambers 


pre SS€ 


Root « i 


( 
room \ 
1 


etrated partly 


tric 
74-w 


housed 
into each box 
om the bulb 
ol iluminum 

Che lights could 
ter foot switch 
ss in each box; 
witched 


5 foll Ww 


Group I, a traditional-type, S 


ning group, received light-onset 


the 


presenta 


ns followed within 2 sec. by presenta 


2 The authors wish 


to acknowledge the 
late Sharon Wester- 


Id the collect of these d 


LEBOW, 


AND R. M. YODER 


Rabbit 
the arrival 
The Ss 
they 
come to the food cup and eat when the pellet 
the cup Che 

modification by Gentry 
by 


givena 


tion of a Purina 


Vhe light 


pe llet in the 


Chow Checker 
of the 


given 


went oll 


upon 
food ( up 


were 


pretraining during which learned to 


hit procedure involved a 
1958) of a tec hnig It 
1957 The Ss 
onsets but these 
102 food 
16 trial 
, each light onset was followed 
a food pellet After 

16 trials, the mean 
f food pellets to light onsets for the next 16 
trials was decre 


Zimmerman 
total of 344 light 
followed by a total of 
pellets Specifically, for the 
at 4 trials a day 


within 2 


sugyve sted 
were 
were only 
lirst 


sec. by 


Ss had 
completed these 
ased to one food pe llet 
rhis 
randomly, one-half of the 16 trials were 
this ratio while one-fourth were at a 1:31 
ind one-fourth at a 1:1 
to light onsets \fter a 
this order, the mean 


every second light onset mean 
alu 
ratio of i 


ol 


od pellet 
16 trials of 


decreased 


series 
ratio was 
one food pe llet after every third light onset 
ind so on until Ss were getting one food pn lhe 
light 
were ipproximately 30 sex 
I] III 
as Group | except that box removals 
around Ss, 
the light 
exactly as Groups I] 
light pre eded 
for Groups I], III, 


retal 


after every sixth onset 


ipa 


Groups ind were treated exact] 


from 
rather than food pellets, followed 
1\ ited 
ind Ill except that no 
box ren lsc 
ind IV, i 


onsets (sroup was 


tre 
onsets 


slid over the Q i 
chambers 1oved 
the 
mained in the 
after the box removal 


One S from each 


less were ren 


above chamber 


g cha 


retaining 
retainil mbers 
group was run at the 
ich dav t keep food privatio 
id the 4-trial 
spaced at 24-hr. intervals I 
t of light ons 
atter the last trai 


same time e 


| 


level constant a blocks wert 


for the 
et as 
yiven St 
it 24-hr 
pressing 
duration of 


II, I\ 


onsets for ley 


ven o-min 


intervals In these 
followed by 


} 
eacn 


wa the 
lever for Groups I, 


Group III received no li 


light nset tor 
pre 


and ght 


Results and Discussion® 


The of the test 


plotted as mean square root number 


data 


sessic ns, 


root transiormatio Ww 


minate heterogeneity of varian 


All a 


t value 


both experiments here reported 
were pt rformed on 


square-ro« 





SECONDARY REINFORCEMENT 


of responses, are shown in Fig. 1. rABLI 
A Treatments X Sessions analysis of (NALYSIS OF VARIANCI 
variance of number of lever presses, NUMBER OF RES 
presented in Table 1, shows the main 
effects of both treatments and _ ses- 
sions, as well as their interaction, Between Ss 
to be significant sources of variance l'reatme 
It is clear trom the curve ol Group I] Error (b 
that light onset, which had _ been 
discriminatively paired with box re- 

movals, reinforced subsequent lever 

pressing. That the light onset paired 

with food pellets had acquired such 

a capacity only slightly is indicated 


by the curve for Group | Chis group 
is differentiable from Group IV, for lid of 


which light onset had served as a nents ol x remo 
low-efficacy primary reinforcer (cf. pellet hit the food cuy 
Kling et al , 1956: Roberts et al., 1958 lherefore, food pell 


‘ = : | 
only during Sessions 1, 2, and 3 Lhe been paired wit 
ith ig! onset 
interaction resulted, in fact, from with light ‘bil 
remote ossibDilit 
the intermingling of these two groups : Pp , 
: lights turned on 
over sessions Finally, there is the 1; 
times enhances li 
over-all downward trend typical of . 


the operant level (sroup 111), and of 
responses under the control of 


Group II 


There wouk SCC 


possible explanati I 


had had light onset aired with box 
removals were so clearly reinforced by the 


light onsets wi the food pellet * 

9: ¢ unexpiall 

group showed little. if an’ such second ' 1 

x : . tne ood g 

ary reinforcement First, the light did SP) “onc, 
] 


not overlap with the beginning ot to rd 
: removal 


pellet consumption by the rats, whereas, Me lg 

° ° watching-the 

as a result of pi ural technique, it 
: parent response in 


Ss in Group I first 


S 


the food cup upon the 


R's 


ing food pellet Ligh 
allowed to precede 


hence, less closels 
the food pellet. 


ROOT NO 


pressing, the response cl 
by the light St-P for food appr 


possibly much longer than 


~ 


MEAN SQ 


initiated = by 


e 


remoy il | 
food ul niffing aro 
longet ian just looking 


responses init 
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S-MIN. TEST SESSIONS 


Fic. 2 
5-min 


Response frequency over seven 
Letters refer to training 
means light; FP, food pellet 
DFP, delayed food pellet; BR, box removal 


DBR, delayed box removal; NT, no training: 


test sessions 


conditions: L 


onset when box removal has been the 


primary reinforcer of these responses 
To check possibilities 1 and 2 a second 


experiment was performed. 


EXPERIMENT II* 
Method 


Fifteen 
male, and 8 naive female, albino rats, between 
170 and 200 days old, served as Ss under the 
same maintenance 


Subjects and apparatu naive 


conditions as in Exp. | 
The apparatus was the same as that used in 
Exp. I 

Experimental design and procedure 
I(N = 
treatment as in Exp 
stayed on for 4 se 
the food cup. 
females 


Group 
3 males, 2 females), received the same 
1 except that the light 
after the food pellet hit 
Group II (N =3 males, 2 
, was the control for Group |. It was 
treated identically that 
1 min. intervened between the onset of light 
and the presentation of the food pellet. 
Group III (N = 3 males, 2 females), received 
light onsets paired with box removals and the 
ratio of light-onset—box-removal pairings 
was exactly as in the case of Group |. The 
procedure here was that when a light onset 
was to be followed by box removal, the light 
came on and within 2 sec. the bottomless box 
was removed from around S via the overhead 
pulleys, leaving S in the retaining chamber 
The light went off 4 sec. after the box went 


to Group | except 


*A brief report of this experiment with 
allusions to Exp. I was made at the meetings 
of the Midwestern Psychological Association, 
Chicago, 1959. 


LEBOW, AND R. M 


YODER 


into the air and a screen was slipped over th« 
top of the retaining chamber. Group I\ 
(N =3 males, 1 female), the control for 
Group III, was treated like Group III except 
that 1 intervened between light onset 
and box removal. As in Exp. I all Ss stayed 
in the retaining chambers for 30 se 


min 


after 
the presentation of food pellets or box re 
movals. Group V (N = 3 males, 1 female), 
received no training. Its members simply 
remained in their home cages during training 
and subsequently provided a measure of the 
intrinsic reinforcing effect of light onset 
alone 

Following the 24-day 


Os were 


training phase, all 


given seven 5-min. lever 
24-hr. intervals with all 
followed by light onset. Onc 
I-1V was run at the 
throughout 


privation 


pressing 
sessions at presses 
> trom Groups 
time each day 
to keep food 


groups 


same 
experimentation 
level constant 


Group V was run last and as a group 


across 


Results 


The data of the test 
shown in Fig. 2. An 
variance of number of lever presses, 


sessions are 


analysis of 
summarized in Table 2, shows treat- 
ments to be a significant source of 
variance. The Group I, 
the food-pellet group, shows clearly 
that light the 
power to curve 


curve of 
onset had acquired 


reinforce, and the 


for Group III, the box removal group, 


points strongly in the same direction 
in that it is well above the 
of Group V, for which light 
served as a primary reinforcer. 
ther, the 
two groups is in 


curve 
onset 
Fur- 
these 


one 


difference between 


the direction 


*might expect on the assumption that 


food was in some sense a more effec- 


TABLE 2 


\NALYSIS OF VARIANCE OF SQUARE-Root 


NUMBER OF RESPONSES: Exp. II 


Source 
lreatments 


Within treatments 
Total 


*P < OO1 
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tive S'-maker because a more effective 
primary reinforcer than box removal. 


Differing findings on whether the 


power of an S' is a function of amount 
of primary reinforcement under non- 
that 
the 
R-class and on the type of primary 


comparison conditions suggest 
whether it is may depend on 
reinforcement (cf. Butter & Thomas, 
1958; Lawson, 1953; Stebbins, 1959). 

These findings would seem to 
support Explanation 1 of the findings 
of Exp. I, negate Explanation 2, and 
make Explanations 3° and 4 highly 


improbable. 


DISCUSSION 


The results of these two experiments 
that a 
acquire a reinforcing capacity which is 


provide evidence stimulus can 


greater than its intrinsic reinforcing 


being paired with another 


with no 


power by 


stimulus apparent drive - rele- 


toc d 
such 


such as and have. 
that reinforce- 
ment can be produced in this way sug- 
that stimulus changes which 
can do this S'-making work should be 
regarded as “primary” 
finally, that a 


simply a strengthened 


vancy water 


Further, secondary 


gests any 
reinforcers and, 
secondary reinforcer is 
“weak” primary 
Of what sort and how 


reinforcer “large” 


stimuli will have to be to serve as S‘- 


making primary 
pirical question. 


reinforcers is an em- 
Perhaps any stimulus 
which produces or controls a higher rate 
or greater magnitude of response than 
another stimulus can make of the second 
stimulus an S‘, which may mean simply 
the enhancement of an already existent 
reinforcing effect (cf. Premack, 1959). 

The whether to regard 
such stimulus changes as box removal 


problem of 


as relevant to 
osity,”’ 


some drive, e.g., “‘curi- 


awaits the clear operational 


definition of such constructs. Inter- 


estingly enough, previous attempts to 
relate such reinforcement to deprivation 
for stimulation (Ochocki & Premack, 
1958; Roberts, 1959; Roberts et al., 1958) 
showed that rats maintained in ‘stimulus 


rich’ environments responded more to 
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stimulus-change reinforcement than did 
rats maintained in 
roundings. There is at least one study 
(Butler, 1957), however, that gives cre- 
dence to the view that stimulus-change 


‘“‘stimulus-poor”’ sur- 


reinforcement may be an increasing func- 
tion of stimulus deprivation. 

The present findings are also relevant 
to the question of whether a stimulus has 
to be an S” before it can become an St 
(cf. Schoenfeld, Antonitis, & Bersh, 
1950). If so, then for what Rs is light 
onset an S”? when light onset is paired 
with box removal? Observations made 
during the present experiments indicate 
that these Rs are 
about.” 


““‘looking-up-and- 
Careful observation is required 
in this case as well as in other stimu- 
lus-change reinforcement research to 
determine the nature of the 
“consummatory”™ behaviors. 
Finally, it is that the 
responses showed little, if any, tendency 
to extinguish, particularly in Exp. II. 
We considered, of course, that we 
labile 


Consequently, we 


various 


interesting 


were 
with a subtle or 


nomenon. 


dealing phe- 
used very 
short test sessions with long intersession 
intervals modification of Zim- 
(1957) to establish 
reinforcement. On 


and a 
merman’s method 
durable secondary 
the face of it these devices would appear 


to have been successful. 


SUMMARY 


Iwo rried out to 
determine whether a light onset discrimina- 
tively paired with the removal of a box from 
iround Ss would become a rein- 
forcer. It did Che findings briefly 
discussed in relation to the nature of second- 
such primary rein- 
as ‘box removal,”’ and to relevant 

\lso, the question was 
are the Rs for which light 
discriminative 


experiments were Ci 


secondary 
were 


ary reinforcement, of 
forcement 
drive operations 
raised as to what 
stimulus, when 


light onset is paired with box removal 


onset is the 
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THE ROLE Ol! 


OVERLEARNING TRIALS IN 


DETERMINING RESISTANCE TO 
EXTINCTION! 


NATHAN R. Ml 


RILLO? 


AND E 


University of Texa 


Reid (1953) has shown that over- 
learning trials facilitate response re- 
learning 
this 


the growth of a 


versal in a discrimination 


situation. He has interpreted 
result in terms of 


mediating reaction termed the re- 


response of discriminating. This re 
sponse is hypothesized to occur late 
in training and to gain strength only 
after the left 


turning) has itself approached asymp- 


overt response e.g 


totic or near asymptotic strength. 
In sum, S learns to respond to a sub- 
the total 


provided by 


set of stimulus situation 
the environment. ‘This 
formulation serves as the point ol 
the 


tion, the purpose ol which is to deter- 


departure for present investiga- 
mine the effects of overlearning trials 


on resistance to extinction. Extinc- 
tion, of course, can probably best be 
considered as a variety of transter 
of training. 

Several (Capaldi, 
1958: Lewis & 1956, 
Stimmel & North, 1959) have demon- 


relation 


studies 1957, 


Duncan, 1958; 


strated an inverse between 
amount of training and resistance to 
extinction The hypothesis adopted 
in this investigation is that extinction 
is reduced following increased train- 
ing if—and only if—such increased 
training includes overlearning trials. 
A regular 


utilized in 


pattern ol events Was 
the attempt to test the 
A regular pattern allows 
the prec ise sper ification of the num- 
the 


hypothesis. 


ber of trials required to meet 
supported by a grant 
from the University of Texas Graduate School. 


2? Now at the University of Houston 


rhis research wa 


also Ol the 


number of overlearning trials involved 


criterion ol learning 


\MIETHOD 


Subject The Ss were 88 dergraduate 


men and women volunteers from the intro 


ductory psychology course at the University 
of Texas The Ss 
1 the basi 


were issig nec 
flour groups Oo of order of 
it the experimental place 

1 pparatu The apparatu 
ipaldi, 1957 It i 
ition of the Wisco 
Harlow, 1951 
h obscured 
movable tray which could 


described else where ( 
be described as a modifi 
lest 
It consisted of 
view of E 


sin General 


\pparatus 


a partition whi 


be pushed toward or draw 

well in the tray cove 
\ guillotine door placed in the c 
partition, 

to be freely 


with a single 


when raised, permi 
drawn; when closed, 
E to bait the well 
baited 
velvet cloth he contact of the 
the well was noiseless he entir 
was painted gray 
Instruction The 


and Wa 


without 


The well was with a pie 


the apparatus 
instructions: 
When this door | 

pushed toward 
little well which you can 
have lifted the lid You 
think this (E shows S 
velvet cloth 
is pushed toward you 


is under the lid when the 
Make 


is that the cloth i 


the best ous 
you can If your guess 
under the lid, say ‘in’; if yo 
the cloth is not 
After having given your gues 


under the 


to determine if you were corre¢ 
place the lid 


guess you can 


Remember 
m ike 


stances Do you understar 


It should be noticed that the tra‘ 


baited and pushed toward S prior to the ti 
ipt to 


from considering that the character of the 


a guess was given in an atten prevent 
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(cloth in well) or 
(absence of cloth in well 


trials, 1.e., positive 1egative 
was determined by 
the response given 


rhe 


demanded 


Design regular pattern of events 
that third trial be 
positive, the preceding two trials negative 
Che four groups of Ss received either 12, 24, 
48, or 60 Immediately 
following the last acquisition trial, extinction 
training was begun; i.e., all trials were nega- 
tive 


used every 


acquisition trials 


rhe criterion of extinction was eight 


consecutive negative responses If during 


acquisition training S had given seven con- 
secutive correct responses, he was considered 
a “learner."’ <All other Ss were considered 
to be “nonlearners."” Whether or not S 
had no effect upon the manner in 
which acquisition or extinction 
the appropriate numbers 
of acquisition and extinction trials as indicated 


learned 
training was 
given In short, 
above were given regardless of the character 
of S’s responses. A few remarks are in order 
concerning the choice of experimental design 

Pilot investigation indicated that approxi- 
mately 40% of all Ss failed to learn the pattern 
even after inordinate training 
On the other hand, approximately 30°; 
or so of Ss proved capable of learning the 
pattern in very few trials (4, 5, 


amounts of 


These 
results are consistent with the usual findings 
of studies 


or 6) 


dealing with pattern 


(Goodnow & Pettigrew, 1956 


learning 


It is clear that the peculiarities of pattern 
learning create difficulties for the usual design 
dealing with overlearning; i.e., Ss are matched 
on the basis of speed of original learning and 
different groups are given a greater or lesser 
number of overlearning trials. However, it 
was soon realized that the failure of some Ss 
to learn might not necessarily be disadvan- 
tageous, but rather this fact might be turned 
to scientific advantage. Certain experimental 
facts which will be discussed later 
the correctness of the assumption 
The major advantage of the design is that it 
allows comparisons between (a 


suggest 
abov e 


nonlearners 


TABLE 1 


NUMBER OF LEARNERS, MEAN TRIALS TO 
CRITERION, AND MEAN NUMBER Of 
OVERLEARNING TRIALS IN 


Eacu Group 


MURILLO AND E. Jj 


CAPALDI 


17; 





TRIALS TO EXTINCTION 





i i i 1 
2 24 48 6 
GROUP 











12 24 48 60 
GROUP 
Mean trials to extinction as 
amount of training. (A) All 
(B The Ss who 
(NL 
represent all 
broken lines, 


Fic. 1 
function of 
in each group 
or failed to meet 
ing Solid 


met (I 

the criterion of learn- 
lines learners or 
nonlearners ; a random selection 
of five cases from each group, except the 12- 


trial gro ip ol learners 


who different 


who 


have received amounts ol 


training, (5) learners received 
trials, 
who have 


training It 


have 
different numbers of 
and (c) learners and 
received the amount of 
should be realized that the 
depended upon the ability to predict with 
some degree of the number of 
learners to be expected under a given amount 
of training 


overlearning 
nonlearners 


Sa ine 


present design 


accuracy 


RESULTS 


Pattern learning.—The majority of 
Ss who the pattern 
within 10 trials or less. In the 60- 
trial group 8 Ss learned within 10 
trials or less, 5 Ss were distributed in 
the range from 11 to 47 trials, and 
9 Ss failed to learn the pattern. The 
corresponding for the 48- 
trial group and 11 Ss, 
respectively. 


learned did so 


figures 
were 7, 4, 


In Table 1 are presented the data 
on the number of learners in each of 
the groups, the mean number of trials 
required by these Ss to begin meeting 
the criterion of learning, and the mean 
number of overlearning trials received 


by each group of learners. The 


learners in the 12-trial group received 





RESISTANCE 
virtually no overlearning trials. The 
number of overlearning trials received 
increases, of amount of 
training does and reaches a rather 
high value in the 60-trial group. 

Resistance to extinction. 


course, as 


The mean 
number of trials required by each of 
the groups to meet the criterion of 
extinction is shown in Fig. 1. As 
Section A of Fig. 1 shows, as amount 
of training 
extinction 


resistance to 
This trend, 
significant (F < 1 
with the results of earlier 


im reased, 
decreased 
although not a 
consistent 
studies mentioned previously. 

Section B of Fig. 1 shows a break- 
down of the data presented in Section 
A. Resistance to extinction is shown 
function of 
the learning. 
Che solid lines represent a plot of all 
the data the broken 
plots resulting from a random selec- 
the 
nonlearners 
except the 12-trial group ol learners. 
Che purpose of the random selection 


as a meeting or failing 


to meet criterion of 


and ones are 


tion of five cases from each of 


groups of learners and 


of cases will be discussed below. As 
can be the 
more 
than the 
group 


mean 


seen nonlearners were 
resistant to ex- 
Further, 


has a 


considerably 
tinction learners. 
each of nonlearners 


higher and each group of 
than the 
shown 
Little con- 
the 
How- 


marked 


toward decreased resistance 


learners a lower mean 
corresponding 
in Section A of 


sistent 


group mean 
Fig 
trend can be found in 
extinction of 
the 


tendency 


the nonlearners. 


ever, learners show a 


to extinction with increased training. 
The 


mentioned above was made because 


random selection § of 


cases 


of the presence of disproportionality 
in the subclasses. 


The number selec- 
ted from each subclass was dictated 
by the presence of five learners in the 
12-trial 
random selection of cases results in a 
weak test of significance (Wert, Neidt, 


group The procedure of 
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& Ahmann, 1954). Nevertheless, 
it was used for two reasons. First, 
the differences shown in Section B of 
Fig. 1 rather large. Secondly, 
since separate tests employing all 
the data were to be 
a check, 


foreseen. 


are 


conducted as 
no loss of information was 
The analy sis indicated that 
amount of training was not signifi- 
cant (F <1). However, 
F 40.23, df 1/32) and the inter- 
action between Learning and Amount 
of Training (F = 3.93, df 3/32 
were significant beyond the .01 and .05 
levels, The 
tests are reported below. 


Learning 


respectively. separate 

Comparisons between learners and 
nonlearners at each of the values of 
that only the 

groups differed sig- 
3.41 for 48-trial group 
2.58 for 60-trial 

.02 for 20 df in 
The lack of significant dif- 
ferences at the lower values of training 


training indicated 
highly trained 
nificantly (¢ 

comparison and t = 
group comparison, P 
each case). 


and their presence at higher values 
with the 
interaction reported above. 
Analysis of variance indicated that 
the 
nonlearners are not significant (F <1 
the the 
means of the learners are significant 
beyond the .05_ level F 2.78, 
df 4/33 These analyses are also 
consistent with the one reported earlier. 


is consistent significant 


differences among the means ol 


whereas differences among 


The above analyses strongly sup- 
port the hypothesis that overlearning 
trials reduced 


are resp¢ msible for 


resistance to extinction but in order 


to leave no doubt it is necessary to 
correct for the unequal rates of learn- 
ing among the groups shown in Table 
1. Two statistical means of control 
are at our disposal. 
below. 

If there is 
Resistance to 


Both are reported 


a relationship between 
Extinction and Over- 
learning trials, then it is to be ex- 
pected that when the Trials to Cri- 
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NUMBER OF RAPID LEARNERS IN EACH 
Group, MEAN NUMBER OF TRIALS TO THI 
CRITERIA OF LEARNING AND EXTINCTION, AND 
MEAN NUMBER OF OVERLEARNING TRIALS 


0.600 
12.33 
35.86 
$7.83 


the 
above 


terion variable is partialed out 
the 
mentioned variables will be significant. 


correlation between two 
Extinction s 
correlated with Trials 
r -.540, df 37, 


Resistance to highly 
Overtrained 
P < .01) but 
slight nonsignificant 
relationship with Trials to Criterion 
r .039). By partialing out Trials 
540 
increases to —.568 which is significant 
beyond the .01 level. Another cor- 
relation will prove of interest in a short 
time. 22 


shows only a 


to Criterion the correlation of — 


The r of .039 becomes 
when overlearning trials are partialed 
out. This correlation is not significant. 

A second statistical test is at 
disposal. In Table 2 are 
the data on rapid learners, i.e., 


Ss who met the criterion of learning 


our 
presented 
those 
in 6 trials or less. Trials overtrained, 
of course, vary, being greater in the 
highly trained groups An 
analysis of variance applied to these 
data yields an F significant well 
beyond the .01 level (F 13.93, 
df 3/20 


more 


| JISCUSSION 


finding of the 


rhe 
experiment, 
which the, remainder of 
be deduced that 


extinction is decreased 


major present 
and indeed the finding from 
the results can 
was resistance to 
following in 
such training 
This find 


ing supports the experimental hypothesis. 


creased training only if 


included overlearning trials. 


R. MURILLO AND E. J. 


CAPALDI 


Several consequences follow from the 


hypothesis. 
One 
learning of a 


or other relevant response is not sufficient 


that the 
pattern ot 


implication is meré 


reinforcement 


to result in reduced resistance to extin¢ 
tion as had been claimed (Capaldi, 1958 
The present results bear out this deduc 
tion. Unless overtraining was involved, 
learners failed to extinguish more rapidly 
than The 


or factors responsible for reduced resist 


nonlearners critical factor 
ance to extinction seem to occur in the 


overlearning trials as the formulation 
of Reid (1953 


\ second but 


that 


suggests 
related implication is 


increased training per se without 
the occurrence of prior learning will not 
result in decreased resistance to extine 


tion. The failure of the nonlearners to 
differ among themselves with increased 
training, whereas the learners did show 
a significant tendency toward decreased 


resistance to extinction supports the 
Chis 


demonstrating the 


above generalization generaliza 


tion may aid in 
continuity of 


1942; Williams, 


recent dealing 


empirical and theoretical 


earlier findings (Perin, 


1938) with more ones 


with increased training and resistance 


Additionally it 
a basis for interpreting a recent 


Wike, 


to extine tion. 
to ofter 


appears 
finding Kintsch, & 
1959 


From what hi 


negative 
Gutekunst, 
been said, it would 


appear that training and resistance t 


curvilinear 
1959). The 


extinction are related in a 
Stimmel & North 
tendenc\ 


manner 


initial toward increased re 


sistance to extinction can be understood 
basis of long accepted learning 


Hull (1943). 


portion ol the curve 


on the 
theoreti 
The 
appears to require the assumption of a 
Reid, 1953). 


Regarding the use of nonlearners in 


principles, e.g 


decreasing 
mediating reaction 


statistical comparisons, several consid 


erations may be raised which 


that 


suggest 
the conclusions drawn as a result 


of such comparisons do not find their 


unknown 
The 


available literature dealing with speed 


basis in uncontrolled and 


variables associated with selec tion. 


of learning and resistance to extinction 
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a eviewed b Hilgard and Marquis 
1940 and Brogden 1951) 
indicates that t} 
the two 


strongly 
e correlation between 
variables is either zero or nega 
tive but not positi 
originally led 


learner-nonlearner 


In S 


menta 

ve rhis knowledge Pp. 568-61 

us to the conclusion that 
mparisons were sci 

entifically , The experiment 

itself hi since rovided additional 


evide nce consiste 


It ma\ be 


with the VIEW 


y sum larized Z follows 
\mong learners, a correlation of 2 


n ; 
btained between s 


forced re pons 
Psychol., 1958, 51, 367 
with trials over 


ODNOW, |. |., & Perric 
raining partialed o nonsignifi <1 difficul 


) 
peed of learning and 


resistance t« 
rrelati n ‘ 


correlat 


STIMMEI 
ol ext 


equel 


pr, ©. O., & AHMA? 


nod " ) 


inforcerne 
1959, 52, 411 
, WILLIAMS, S 
ine extinction ‘ i! 9 


hye f re 
decre ising portio 


exp. 1 I., 1938, 23, 506-522 
issumptio1 otan , 
he one proposed by Reid 1960 
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SUPPLEMENTARY REPORT: RESISTANCE TO EXTINCTION OF A VERBAI 
RESPONSE AS A FUNCTION OF THE NUMBER OF ACQUISITION TRIALS 


MONTI +, SENKO, RONALD A. CHAMP, anv E. J. CAPALDI 


U niversit f Texa 


Murillo and Capaldi (1961) found that 100 


under certain conditions increased training 
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resulted in reduced resistance to extinction 
The earlier studies of Williams (1938) and of 
Perin (1942) demonstrated increased re- 
sistance with increased training. Taken 
together the above results suggest that a 
n-shaped function describes the relationship 
between amount of training and resistance 
to extinction. In this study, training values 
were selected so as to make likely the appear- 
ance of the M-shaped function within the 
context of a single experiment il setting 
Method.—The same apparatus and _in- 
structions were used as in the Murillo and 
Capaldi (1961) study Eighteen Ss were 
assigned to each of eight groups, making a 
total of 144 Ss. Each group received a fixed 
but different, number of 100% reinforced 
acquisition trials immediately followed, in 
each case, by 20 trials of extinction training the initial 10 trials are shown because, with 
An acquisition trial was defined as one in the exception ol the 3- and 6-trial groups 
which a piece of cloth was in the well of the each group responded at practically a zero 
apparatus; an extinction trial was defined level beyond Trial 10. On Trials 11 through 
by the absence of the cloth in the well. The 16 the 3-trial group averaged about 30% 
numbers of acquisition trials given were: positive responses and on the remaining trials 
0, 1, 3, 6, 12, 20, 40, or 80 trials. A guess of about 15% Che 6-trial group maintained a 
“in’’ is termed a positive response fairly steady output of about 15% positive 
Results and discussion Che Trial 1 responses on the remaining 10 trials \ 
percentage in the composite acquisition curve Fig. 2 shows, each group which received lk 
shown in Fig. 1 is based on data obtained from than 12 acquisition trials tended to 
144 Ss, Trial 2 on 108 Ss, and so on The increased number of positive respo 








PER CENT POSITIVE RESPONSES 


= 
364hC6S5C=«C<“aS 
TRIALS 
Fic. 2. Perce ) ve responses giv 
eight groups « rf st 10tr 


iss 
Ss responded at about the 100% level by where later in the extinction trials 
rial 10 and continued to respond at about example, on Trials 3 and 4 of extinction, the 
that high level on subsequent trials. 6-trial group responded at about the 50% 
In Fig. 2 are presented the data on the _ level, but on Trial 5, the incidence of positive 
percentage of positive responses given during responses increased to about 83° Some 
extinction by each of the groups except the orderliness is apparent inasmuch as, with 
40- and 80-trial groups. The highly trained the exception of the 3-trial group, the i 
groups extinguished in a manner almost creases appeared later in the extinction trials 
identical to that of the 20-trial group. Only the more highly trained the group. A com 
parison of Fig. 1 and Fig. 2 will indicate that 


100. in some cases groups undergoing extinction 





90 responded at a higher level than they had 

acquisition on comparable trials For ex 
80 
70 78% positive responses on Trials 3 and + of 
extinction, while the incidence of positive 
60 responses on the comparable acquisition 


ample, the 1-trial group gave approximately 


50 trials (Trials 4 and 5) was only about 55 and 
60% respectively. Similar occurrences can be 
3 -_ a mm, 7 noted in the case of the 0- and 3-trial gro Ips 
TRIALS In Table 1 are presented the data on the 
mean number of positive responses given by 

each group in extinction The number of 
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responses or 
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SUPPLEMENTARY 


rABLE 1 
MEAN NUMBER OF Positivi 
Each Group IN 


RESPONSES GIVEN BY 
EXTINCTION 


Measure 


3.66) 1.72 
1.26) 0.79 


positive 
the 0- 


responses steadily increased from 
to the 6-trial 


decreasing trend became manifest, reaching 


group whereupon a 
a minimum value at 20 trials and apparently 
stabilizing at the 
20 trials A SVX +55 was 
Analysis of indicated that 
the training variable was significant beyond 
the 001 level F = 32.36, df = 7/136) 
Orthogonal subgroup comparisons indicated 
that increased 
the 0- to the 1-trial group 


minimum value beyond 
transiormation 


used variance 


resistance significantly from 
F=6.17, df =1/136, 
05 dec significantly from 6 
to 12 trials (F = 22.20, df = 1/136, 
05), and that the difference between the 
40-trial 


reased 


and 
= 2.01) 
The results support the hypothesis that 


groups was unreliable 


the relationship between amount of training 
and resistance to extinction is described by a 


N-shaped function The rather high degree 


holog 
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1961, Vol. 6 
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1, N $ 


SUPPLEMENTARY REPORT: 


SPONTANEOUS 


REPORT 


by 
groups relative to the highly-trained groups 
is probably to the 
experimental The present 
results are both in agreement and in disagree- 
ment with the results of Murillo and Capaldi 
Agreement the fact that in- 
creased training resulted in reduced resistance 
to extin tion However, in the Murillo and 
Capaldi reduced 


of resistance shown the limited-training 


due in some part pre- 


instructions 


centers about 


study resistance occurred 
only after the event pattern was well learned, 
the 
occur with the 6-trial group, prior to the time 
that 100% positive responses 0¢ rhe 
most plausible dis 
would factors 


with 


whereas in present study it began to 
irred. 
this 


involve 


expla ition tor 


crepancy appear to 


concerned differences in the type of 


event pattern employed in the two studies 
In the Murillo and Capaldi study the cloth 
was in the well on every third tri al, out on the 
study a 


preceding two trials, whereas in this 


continuous pattern was € mployed 
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RECOVERY Ol 


PROBLEM SOLVING SET 


WILI 


Pomona ( 


study 
produc ed e 


\ pre vious 
1958 


Gardner & Runquist, 
the 
of the laws of simple associative learning and 
In the 
was made also to 


vidence for operation 


extinction in problem solving set 
present study, an attempt 
recovery of a 
which has been extinguished 

Method The 
Water Jar Problems Luchins 
(1942 rhirteen 12 
having the same method of solution (Solution 
A) and having a different method of 
solution (Solution B Four of eight groups 
groups, and received 11 
A problems followed immediately 
by the Solution B (extinction) problem 
They received the final Solution A 
problem after either 0, 10, or 30 
48 hr. The remaining four groups served as 
controls for and treated 
exactly the same as the experimental groups 


demonstrate spontaneous set 


used were the 
by 


problems were 


problems 
devised 


used, 
one 


were extinction 
Solution 


(test) 
min., or 


forgetting were 


ARD N. RUNQUIST an 


pD BERT SEXTON 


miege 


except that they received 
problem 
The OS, 


randomly 


160 Junior Colleg 


ri 
assigned 20 to a conditio 


tested in groups ol 30 to 50 in their regular 


classroom Problems were presented in 
5 X 7-in. booklets with one problem on each 
, 
page. Each S kept his own solution time by 
looking at an who indicated the 
intervals on the black- 
board in front of the room. Detailed instruc- 
including three examples 


In addition, they 


assistant 


elapsed time in 5-sec 


read 
were told to work 
each problem successively until they came to 
No specil 
each S 
was told he could do anything during the rest 


look at or 


tions 
to Ss. 


were 


the part marked “rest period.” 


rest interval activity was used, as 


period except work previous 
problems 


Results 


to 


The 


the ne 


Ss recorded their solution 


times irest 5 set These data 
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rABLE 1 


Experime 
O-min 
10-min 
30-mi 
$8-hr 
All 


lem ire y i t 

Gardner and Runquist 5 aT pertorn 

of the means in Problem 1 ha ’ control 

groups may differ widely i rform¢ mn is no 

this proble: nis was corrob { I il phenome 

analysis of Vari i rior a ¢ 1es ind $8-hr 

F = 3.49, P « order te rr showed 

for these initial diff re neal ( formance 

the test proble: 

These adjusted means a © preset t = 3.46 and 
rable 1 In a dese riptive set 


The Y ( co r n neo recovery ha been clearly d 


recovery general ' held oug] It remains for further experime 
there is some ev den oO orgetting } . theoretical analysis to deter ine the 
control groups, the ou hicl id th to Vv > results of tl experim 
extinction problem ually improvec it ue 1 : me tactor whicl 
the passage of time se ct ISIO! t spontaneot ) \ 1 simpler 
supported I yan ty ) Vai nee which le 
produced signifi int ff nteraction betwee 
Time Interval an netion \ | 
(F = 8.04, df 3 5 The main effect 
of Extinction vs I 1 and Time Interva 
were also sig int, ) » latter beir 
so only at the 5 | ] ‘ xtinction 
: : Mechanizat roble 
Interval is »sychol nogr., 1942, 54(6, Whole No 
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